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SOME COMilON INDIAN BIKDS 


Xo. 26 . THR HAWK-CUCKOO {HIEROCOCCYX YARIUS), 


UY 

T. BAINBRIGGE FLETCHER, R.N., F.L.S., F.E.S., F.Z,S., 

Imperial Entomologist; 

.AND 

C. M. 1N(JL!S, M.B.O.U., F.E.S., F.Z.S. 

The roiiunmi name “ llawk^Cuckoo conveys a good descrip- 
liuii of this bird, as it is really a Cuckoo which looks very like a hawk. 
It is about the size of a mynah, but with a longer tail, greyish- 
brown in colour, whitish beneatli, tlie breast tinged uuth pink, 
each feather with darker crosS“bar.s, eyes and legs brilliant yellow. 
When on the wing, it looks very much like a small hawk but, when 
it alights, it at once assumes a slouching, cuckoo-like attitude, 
with the wings dropped forwai'd so as to touch the perch and the 
tail slightly raised and expanded, tlius presenting an aspect very 
different from the compact and alert look of a hawk. Seen thus, 
at rest, this bird can hardly be mistaken for a true hawk, as it has 
the furtive, peering w’ays of common cuckoos, constantly jerking 
itself from side to side and pufRng out its throat. 

The appearance of the Hawk-Cuckoo is probably less familiar 
most people than is its note, which has aptly earned for it the 
^'.otorious title of the “ Brain-Fever Bird.’* Our Indian gardens 
»nd groves contain many sweet-voiced singers amongst their avian 

( 111 ) 1 
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denizens and a few whose voices are less grateful to the ear, but 
there is not one whose notes consist of such ear-splitting and nerv< - 
racking cries as do those of the Brain-Fever Bird, With the most 
annojing persistence and reiteration this bird repeats its cry, which 
bears a remarkable resemblance to the word “ brain-fever ** repeated 
in a piercing shriek running up the scale. The cry may also be 




Head and foot of Hawk*Cuckoo {Hierococcyx variUH)- 

written as Pipiha ” and in some districts the vernacular name 
of the bird is given as Pupiya, Another rendering of the call, 
which includes the overture preceding the triple note, is, '' 0 lor’ ! 
0 lor* ! how very hot it*s getting — we feel it, we feel it, we feel it.” 
The call is extremely loud and shrill and can be heard— indeed, it 
cannot but be heard — within a radius of several hundred yardt, 



lini one of the most annoying things about it is its intermittent 
(ii iracter. The human ear soon becomes accustomed to any 
( oatinuoiis and uniform kind of noise. One becomes so accustomed 
to the buzz of a dynamo tliat one awakens at once if it stops. The 
cup])er-smith tonk-tonking in the garden all day is hardly heard 
consciously unless one listens for it. But the shrieks of the Brain- 
Fever Bird burst their way without ceremony into one^s inner 
couscioiisiiess, whetJier awake or asleep, and one cannot help but 
hear them. We feel it, we feel U, WE feel it go the cries, up 
ami up the scale, and tlien suddenly stop, and one hopes fervently 
that this ilend in bird’s plumage has burst its throat or at least 
fiown away out of ear-shot. But no ; after a short interval it 
begins again and may continue for hours at a stretch. Very often 
the performance commences just at dusk, when it has got too dark 
to make out the culprit, and lasts all night ^^^thout intermission. 
When this sort of thing takes place on a really hot night, the victim, 
wiio is attempting to woo sleep after a hard day’s w’ork, may well 
be excused if the first dim dawn sees liim sallying forth on vengeance 
bent. But vengeance is not always easy to attain. The bird usually 
perches high up in a tall tree and keeps so still and is so inconspic- 
uously coloured that, even when its shrieks locate tlie very branch 
whereon it is sitting, it is not always easy to make out. Further 
more, it is wary and often flies oft as soon as it sees that it has been 
detected. There are, however, usually only a few individuals in 
each locality and a comparatively small reduction in numbers works 
wonders in abating the nuisance. The call being very penetrating, 
it often happens that tliese birds call to one another across a distance 
of perhaps half a mile and, by shooting one bird forming a link in 
the chain between others on either side of it, the chain is broken, 
and a blessed peace reigns once more, at least until another bird 
invades the immediate neighbourhood. In Bihar the call of this 
bird coincides with the approach and duration of the hot, dry 
Weather before the monsoon ; occasionally it may be beard as early 
as in December but more usually commences about February and 
18 continued, becoming more frequent and continuous, until tiie 
R‘dns break, when there is a welcome cessation for a few months. 
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In other districts this may not be so ; thus, as regards Calcutt i, 
Cunningham states that there is hardly any season at which their 
characteristic notes may not occasionally be heard ; but, as a rule, 
it is during the rainy months that they are most frequent, so that 
the designation ' hot-weather bird/ that is often applied to the 
species in other parts of the countr}% is hardly applicable to it in 
Calcutta.” 

According to Blanford, the Hawk-Cuckoo occurs througho\it 
the whole of India and Ceylon, extending as far East as Dacca, 
but not to Assam, and AVest to Rajputana, but not to Sind or the 
Punjab; but, although odd examples may occur throughout this 
area, its range as a common bird seems to be more restricted. It is 
extremely common in the United Provinces and Bihar, less common 
further south in Bengal. Dewar notes tliat he never heard it in 
Madras, nor did I ever hear it during my residence in Coimbatore, 
and it is apparently quite absent in the island of Bombay. In 
some districts in wliich it is absent, or at least scarce, the 

Hawk-Cuckoo is frequently confounded with the Koel and the 

name “ Brain-Fever Bird ” given to the latter. As Dew’ar puts 
it, There is certainly some excuse for the mistake, for both are 
cuckoos and both are exceedingly noisy creatures ; but the cry of 
the koel bears to that of the brain-fever bird or hawk-cuckoo much 
the same relation as the melody of the organ-grinder does to tliat 
of a full German band. Most men are willing to offer either tlie 
solitary Italian or the Teutonic gang a penny to go into the next 
street, but, if forced to choose between them, select the 

organ-grinder as the lesser of the two evils. In the same wa) , 

most people find the fluty note of the koel less obnoxious than the 
shriek of the hawk-cuckoo.” 

In spite of its obnoxious vocal efforts, the Hawk-Cuckoo docs 
some little good by feeding on injurious insects, although when it 
can find time to hunt these out in the height of the hot weathe)’, 
when it seems to be calling continuously day and night, always 
seems somewhat of a mystery. Like other cuckoos, it eats hairy 
caterpillars, whose defensive armament protects them from the 
attacks of most other birds, and it also eats other caterpillars, 
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cirkets, grasshoppers, bugs and beetles. The diet is a mixed 
ojie. comprising buds and fruits, particularly wild fig fruits, as well 
as insects. It is presumably on account of this redeeming feature 
that this bird is protected in Delhi, the United Pro\dnces, Bengal 
and Assam (where, however, it does not occur !). 

Like other Cuckoos, the Brain-Fever Bird economizes in 
house-keeping, building no nest of its own but placing its eggs in the 
nests of other birds, usually the Seven Sisters ” or some allied 
species of Babblers, the breeding-season lasting from April until 
June. The eggs are deep blue in colour and nreasure about 26 mm. 
by 20 mm., and are about the same size and shape as those of the 
foster-parents. The Babbler’s eggs are wholly blue, very glossy, 
hard-shelled and broad, blunt ovals in shape ; the Hawk-Cuckoo’s 
eggs are very similar in colour but with a softer, more satiny surface, 
less glossy and with mucli thicker shells, in shape rather more 
spherical or elliptical and slightly larger than in the Babblers. AYheu 
lying side by side in the nest, how’ever, the eggs of the Babbler and 
of the parasitic Cuckoo are often practically indistinguishable. 

The manner in w^hich Cuckoos’ eggs are deposited in tlie nests 
of other birds is one w'hich has engaged a great deal of attention. 
It used to be supposed that the eggs w'ere laid in the normal w’ay 
in the nest of the birds selected as foster-parents and this may 
occasionally be done, but the more frequent method is for the egg to 
be laid and then carried by the cuckoo in its bill and dropped into 
the nest selected for the purpose. The unusually thick texture of the 
cuckoo egg-shell seems to be specially adapted to this end as, in cases 
wliere the nest is placed inside a liole, the egg may have to be dropped 
into it from a little height. In the case of the Hawk-Cuckoo, 
it is possible that its hawk-like appearance on the wing may be 
advantageous in securing a clear field for depositing an egg in this 
'vay in the nest of the Seven Sisters, as one observer states that 
the whole sisterhood make themselves scarce when the Hawk-Cuckoo 
appears on the scene, and thus give her a fair field for planting 
her oval imposition on them. Our Plate show’s a Hawk-Cuckoo, 
^vith an egg in her bill, about to be dropped into the nest of one 
of these Babblers, It may be added that further observations, 
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on the method of egg-deposition employed by this and other Indian 
Cuckoos, are very desirable. 

The Hawk-Cuckoo is known vernacularly as Kupak and Pupi^a 
in Hindi-speaking districts, as CJibk’gaUo in Bengal, as Zakkhai 
in the Deccan, as Irolan in Malay alani and as KnUi'pitta in Telugu 
districts. 








INTERNATIONAL CONGRESS ON CATTLE 
BREEDING. 


BY 

G. S. HENDERSON, N.D.A., N.D.D., 

Imperial Agriculturist. 

The International Congress on Cattle Breeding was held at 
Scheveningen near the Hague beginning 29th August, 1923. The 
general attendance was good and there were representatives from 
all parts of the world (Plate V), 

The subjects under discussion were as follows 
Section L Department of Science — 

(а) Which new ideas and opinions about the doctrine of the 

heredity should be considered to be of importance 
for cattle breeding ? 

(б) Which are the opinions of recent date about the method 

of feeding ? 

Section IL ' Department of Registration — 

(a) Which data should be mentioned in the cattle hcrd*book 

and how will this information have to be collected 
so that there will be a sufficient guarantee as to its 
correctness ? 

The method of recording the production of milk not to be taken 
into account here. 

(b) In which way shall the control (production) of miljc be 

carried out, and is it possible to make international 
regulations about this ? 

Section IIL Interference and care of public authorities and 
influence of associations — 

(a) In which way coijd the breeding of cattle be promoted 
by the public authorities by other than veterinary 
measures ? 


{ in ) 
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(6) In which way would it be possible for associations, whose 
object it is to improve the cattle stock, to make a 
practical use of the information to be obtained through 
science and registration? 

Section IV, Economical breeding— 

(а) Which points ^vill have to be taken into consideration 

when selecting a breed for a certain type of an 
agricultural enterprise ? 

(б) How could tuberculosis among cattle be combated in a 

practical way and what is the experience of differetit 
countiies in this respect ? 

Subject 1 (a) on heredity was an interesting sub-section and 
a summary of a paper by Professor Kronacher is appended. A 
summary of the paper by Professor Per Tuff is also given. 

Summary of paper by Prof. Kronacher. 

(a) 

Selection in breeding signifies notlung else tJian making use, 
in practice, of the laws of nature with regard to heredity. Ample 
knowledge of the results of the laws of heredity that have been 
acquired is therefore of especial significance for 'the breeder 
cattle. For cattle breeding, the most importance must be attached, 
in the first place, to the results of investigations in the 
following three spheres of the law with respect to heredity ; the 
genotype and the phseiiotype doctrines of Johannsen, the nuitji- 
tion doctrine according to dc Ahies and also the teacliings 
of Mendel, further developed by many investigators during the 
past twenty vears. 

ib) 

1. The work from Johannsen and his school sliows that the 
differences in the development of distinctive marks and charac' 
teristics, among the several individuals, may only be the result 
and expression of the difference of conditions of life (phaenotypicjil 
differences, modifications) or they may be the expression of geno- 
typical differences. 
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Botli of these causes may also co-operate, as is the case of 
foreign impregnation, as occurs in by far the most instances in 
the manner of our domestic animals. 

Owing to the difference of the causes, the value also of the 
Vioiations among the individual domestic animal is defined for 
selective breeding. 

The ap])earance and the perfonviances of a breeding animal 
are unable to tell us anything concerning its breeding and here- 
dity value, because we are not able, without anything else, to see 
which of the two causes in question, in the particular case, gave 
rise to tlie different development of ceitain characteristics in the 
individuals to be iudged. This can only be ascertained when it is 
known how the following generation has turned out. 

From these views concerning the doctrines of variation and 
selection of recent times, ignorance and neglect of which has 
caused great loss of capital and work on breeding to practical 
cattle raising, the extraordinarily great impoiiance of the indi- 
vidual for selection is seen, and also the necessity of the exami- 
nation of its progeiiN' - respectively its value as regards heredit}’, 
by virtue of the results of that progeny. The breeder must, as 
far as possible, use for his breeding exclusively those animals 
whose advantageous characteristics, with respect to breeding, 
as regards build of body and performances, are the expression, 
primarily, of an inherited susceptibility, which, even under average 
circumstances, is to be seen to equally great advantage. 

Tlie idea of heredity of acquired cliaracteristics, as if the 
'levelopment (modification) ot cuntain parts of the body and 
their activity (performances), acquired during the individual lives of 
tlie animals under tlie infiuence of circumstances, via the one oi- 
'ither course, is transmitted on the germ cells, respectively, the 
prevailing susceptibility to heredity, is not compatible vith the 
tlieory mentioned with respect to this ; nor is any support to be 
obtained for this theory from tlie extensive experimental investi- 
g'ltions in that sphere, least of all, liowever, from the experience 
gained in cattle breeding itself. For, if inheritance of acquired 
characteristics, in the above-mentioned sense, and a continual 
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progressive alteration of the total hereditary possession accompany- 
ing this, owing to selective breeding, that has been carefully 
conducted in one direction for such a long time now, took place, 
in all sheds, where breeding has been carried on efficiently, there 
would now be exemplary herds in every district. 

There are, however, enough ways and means for the cattle 
breeder to achieve his purpose, even without such speculations as 
the presumption of the heredity of acquired characteristics, in the 
foregoing sense. 

2. Among a homozygote and heterozygote herd, sudden, 
spontaneous changes of the susceptibility to heredity occur (changes 
of the genotype) which make themselves manifest as changes of 
heredity, occurring under similar conditions, of the actual exterior 
distinctive marks or performances (changes of the pheenotype), 
mutations. Such a mutation is to be observed among plants, 
among the lower and higher animals, including our domestic 
mammals. They may be due to a loss of a factor of heredity, 
the qualitative or quantitative character of a prevailing factor, 
or the acquisition of a new. Concerning the occurrences and 
causes that effect such changes in the germ plasma, so far, nothing 
is known ^vith any degree of certainty. It would, however, 
appear that besides inner, exterior influences, via the circuitous 
route of general alimination, botli the body cells as well as the 
germ cells may be influenced and changes may be affected. 
Whether in each particular case one has to do ^vith a “ mutation ’’ or 
a ** modification,” can only be decided by observations among the 
progeny. Modifications, particularly of quantitative characteris- 
tics, which presumably occur more often than is generally supposed, 
can, as a matter of fact, also be of a less obvious character and even 
then be within the normal lines of modification. Then, however, 
since they result in a continual removal of the average^ in the develop- 
ment of the characteristics in question, under certain circumstance.'^ 
they are of great significance for the results of selection. Further, 
what is known so far concerning mutation, shows us again the 
extraordinary importance of the single individual in selection anc 
the necessity of determining its breeding value by means of the 
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progeny ; tiere is also, however, the necessity of fixing, in figures, 
tlie build of body and the performances of the animals in the 
siircession of generations. 

3. The Mendel investigations have shown, with absolute 
ceitainty, that every factor of heredity {situated in the chromoso- 
men) for the most varying morphological and physiological charac- 
teristics behaves, in the process of heredity, perfectly independently, 
and that on crossing (bastard forming) the introduced hereditary 
factors in the succeeding generations are subject, according to 
fixed laws, to a splitting up ; it has almost always been possible to 
find a natimal explanation that is quite compatible with this. 

Whether, in a few exceptional cases heredity has taken place 
according to other laws than those regarding the splitting up of 
the cells, or perhaps also to certain characteristics of the animal 
body, are not determined by special natural disposition in the 
kernel, but are general alimentary characteristics of the entire 
plasma, both of the body and the germ cells, is a question that 
has remained unanswered down to the present. In any case, the 
Mendel law of separation, apart from such disappearing and hitherto 
unknown exceptions, is generally of application, also for the process 
nf heredity among our domestic animals. 

With tliis imsight, a great juimber of conceptions and ideas, 
which, until qidte recently, had an overwhelming influence upon 
the views of breeders, must disiippear. Before everjdhing else, 
breeders must, once and for all. give np the idea of the existence 
of a “ constant intermediary heredity/' of the occun*ence of exist- 
ing middle formations remaining alike for longer than the first 
generation, t>n the {)airing of animals of similar or different breeds 
with, ill certain directions, opposite lipreditarv dispositions. But 
even the view of an arbitrary possibilily of mixing characteristics 
generally, expressed by the terms fths, ^ths, j^tlis blood, etc., 
will have to be rejected. 

The fact that has been ascertained, that it is not the type of 
'Uiimal as such that i.s inlierited, that the natural disposition of 
characteristics does not form one whole in the process of heredity, 
bii' that, on the contrary, tlie separate factors of heredity 
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take their own course, gives us a second insight that is extrenich 
important for the practice of breeding : the insight of the possibility 
in principle, of a systematic combination in one, of the varioui 
distinctive marks and characteristics, hitherto distributed throii^li 
out several hereditary types and races, i.e., the insight into tin 
possibilities and means for the breeding of new hereditary ty])e; 
and races, by means of crossings. 

A decisive influence upon the entire forming of the meanings 
and general effective mode of thought in breeding, has been tin 
chief consequence of the results of the new doctrine of heredit} 
and especially of the two fundamental views of the ^leiidel doctrine. 

The consequence of these altei’od ideas in the world of breeding 
will be: uniform general iiiethcds of breeding and a ’iinifoMi; 
explanation of the appearances which occur on the carrying on of 
breeding, as these, as a matter of fact, are already beginning to 
occur everywhere in breeders* circles. 

{c) 

Regarding the 4ue^ion concerning special possibilities of 
making use, in practical breeding, of the new doctrines of heredity ; 

1. The method of the choice of individual breeding which 
must fix the “ breeding (as to heredity) value (in contrast to the 
“ personal value ”) of a breeding animal and, under certain circum- 
stances, also its homozygote and heterozygote disposition in connec- 
tion with results of the progeny, as a consequence of its pairiiig? 
for crossings, respectively, of trial pairings. Tn practice, it appear? 
that the method of pairing for crossings, which must serve especially 
for the fixing of the heredity of quantitative characteristics, for the 
larger domestic animals, Iiowevei’, this is only possible under certain 
condition.s, for the piuposc of approving male breeding animal?. 
Even here, however, from an economic point of view, fixed hmits 
have been set for the application of this method as a result of t lie 
numerous characteristics that are generally to be taken into accouiif. 
but also ovnng to the slow process of increase and the long time 
before being capable of use, by the larger domestic animals. TIip 
method that has been applied, for some time past, upon whi< h 
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fixing the powers of performance must be based, in England and 
otiicr countries is experimental. 

In order to achieve a result responding to this, it would seem 
to be necessary to limit oneself, primarily, to the observance of 
one or just a very few of the most important characteristics and 
then systematically, one ' after the other, according to their 
sigiiilicance, bring these within the method of selection. For an 
easier and more certain insight into the heredity disposition of the 
parents to be approved with respect to quantitative disposition, 
in tiie very first place, it would appear also to be effective that the 
offspring should be reared under normal or even moderate, but in 
no case under especially favourable circumstances, seeing that 
otherwise, in such cases, the difference between favourable modifica- 
tions of moderate and bad hereditary disposition is not to be 
distingaislied from an inferior development of very good hereditar}' 
disposition. Those individuals which give evidence, also under 
romparatively simple conditions of life, of bodily development 
and performances of high value, are just of the greatest importance 
to the breeder. 

The fact that the Mendel doctrine has laid it dovni that a whole 
number of distinctive marks and characteristics of our domestic* 
animals, the so-called quantitative characteristics according to 
the nature of the quantity of milk, the percentage of fat, etc., 
just the most important for breeding, are apparently determined 
by factors of lieredity, working, more or less, in the same 
direction, in any case combining their work, facilitates for the 
breeder the insight into the symptoms acting in this connection 
and simultaneously with this the work of cattle breeding. It 
shows him, in the lirst place, how indispensable it is to know 
how the progeny turns out, if lie is desirous of correctly 
estimating the breeding value of the parents, and, secondly, the 
necessity of the exact carrying out of examinations concerning 
performances. 

For the more extensive practical use of the possibility of an 
elfi'ctive combination of economically valuable characteristics, 
distributed among several races, in one breed, by a systematically 



124 AGRICULTURAL JOURNAL OP INDIA [XIX. T]. 

founded scientific method, especially for the larger and the largest 
domestic animals, in a great measure, so far, further knowledge 
of the nature and the conduct of the liereditary disposition, wltich 
determines the economically most important, and in the special 
case, the characteristics especially required, is lacking. Tliose 
methods which, as a matter of fact, are already being applied at the 
present time with some systematic experiments, even after we shall 
possess the further knowledge necessary for this, with respect to 
the main thing determining hereditary disposition, it will still be 
difficult and especially for complicated combination breeding, the 
application will continue to be limited. In any case, however, 
especially for times of drastic change in economic conditions and tl^e 
need accompamdng these of a new formation of the stock of cattle, 
as also for special occasions, not to be underestimated for prospects 
for the agecting of an alteration of the ^tock of cattle, within a 
corresponding period that will adapt itself, as w^ll as possible, to the 
altered or special circumstances. 

The new doctrine of heredity has an exceptionally lasting 
influence upon the mode of thought of the breeder, and with tJiis, 
upon the general measures and the judgment of the results of 
breeding. 

It shoTvs breeders the necessity of making use of individual 
selective breeding on the basis of the result of the progeny, and 
shows him the ways and means, truly limited, indispensable to 
this for breeding domestic animals. 

The views of the Mendel doctrine give the breeder very valuable 
general particulars and also even many special points for combina- 
tion in carrying on selection in breeding. For any scientifically 
systematic carrying on of selection, both within a breed, especially 
with a view to attaining as good results as possible from combination 
breeding, further knowledge concerning the nature and the conduct 
of the definite factor of heredity is still lacking. 

It is in the interests of the economic breeding itself of domestic 
animals to investigate in all directions the question of heredity 
among domestic animals, especially by supporting existing '>r 
newly established institutions for biological research and to promote 
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as fixtensive as possible herd-book relations available for the invest!- 
aation of heredity. 

O 

Summary of paper by Professor Per Tuff. 

The analysis and investigation of tlie characteristics and circum- 
stances of heredity in our breeds of cattle must be based prini.arily 
on the particulars of the herd-books. Those herd-book particulars 
are also of great significance for studying the results of various 
methods of breeding. It would therefore be desirable that the herd- 
books should be compiled according to a common international plaii, 
so that tlie particulars from individuals should be similar, complete 
and as reliable as possible. 

By a systematic selection in breeding, it may be attained that 
within one and the same breed, the herd vill acquire a similar 
exterior, but an \iucertain heredity. A system of in-breeding will 
not only support a choice of breed for similar characteristics, it 
will also result in a lasting and certain heredity. 

The effect of selection in breeding, as regards recessive and 
dominant characteristics, is different. A recessive characteristic 
immediately becomes homozygote and will certainly be transferred. 
Selective breeding of a dominant characteristic, will, in the end, 
lead to homozygosis ; this, however, takes place very gradually. 
Dominant characteristics, based upon homomere factors, practically 
speaking, cannot become homozygote solely by selective breeding. 

The effect of in-breeding consists in this, that it leads, auto- 
matically, to homozygosis of all tendency to characteristics. 
Harmful results from in-breeding are consequent on the splitting up 
of recessive weaknesses. Most of the old races of cattle are based 
upon in-breeding ; they are kept intact by this means and are 
indebted for their constant heredity to this. Simultaneously they 
have been purified, in a great measure, from disintegrated consti- 
tutional weaknesses. Such races, as a rule, will stand in-breeding 
well. An example of this is seen in the Telemark cattle in Norway. 
Young races of cattle, and races in whicli in-breeding has not taken 
place, will generally not be able to stand this well, and in that case, 
caie must be taken with the application of this method of breeding. 
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Any harmful results of in-breeding can immediately be got rid of 
by the introduction of new blood. 

It would be desirable that in-breeding sliould find greater 
application in practical cattle breeding, as a valuable means of 
fixing good characteristics, so that tliese be transferred. Where 
in-breeding can be applied, greater advantage will also be able 
to be taken of valuable coverijig bulls, by allowing these to 
serve closely related cows (such us. e.g.. daughters or grand- 
daughters). 

Probably Wright’s^ iu-broeding co-efilcient is the best cd' iho 
various measures or exjiressions for the degree of in -breeding, 
this gives, in a good way, the homozygosis achieved. 


Colonel Matson, of the Indian Military Dairy harms, contri- 
buted a paper on the results of crossing of Indian cattle 
with European breeds. 

Subject I (b) on feeding was largely of a physiological nature. 
Some of the chemists present using the languages of their respective 
countries could not be follovred by the MTiter, but judging from the 
tone of the discussion there seemed to be some serious differences 
of opinions. 

Subject II was concerned with registration, and discussion 
ranged round the necessary particulars required in herd-books and 
other registration forms. 

It was pointed out in discussion that a Eriesian breeder in 
Australia might import stock from America, England or Holland 
and get animals with very different characteristics. 

Subject III (a) on promotion of cattle breeding by the State 
is of considerable interest to India. The following summary of a 
paper by Dr. Attinger gives a. catalogue of means whereby the State 
can usefully help on cattle breeding. 


* Wright, Sewall. Cf>*efficjents of In*breedijig. Ainerican Naturalist, Vol, LVI, 

p. 32a 
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Summary op paper by Dr. Attinger. 

Cattle breeding in all civilized countries enjoys more or less 
encouragement on the part of the State, because the welfare and 
food-supply of the nation is dependent upon its development. The 
many uses to which cattle are put, raise the cow above the other 
aiu-icultural domestic animals. 

It may also be said and proven that the height of the develop- 
ment of cattle breeding is a standard for judging the civilization of a 
nation. The State is therefore bound to promote the development of 
stock-keeping. 

This may be done by : — 

1. Measures in connection mth the cultivation of food-crops 
and the supply of fodder. The cultivation of food-crops forms the 
basis for the raising of cattle. Those measures have reference to the 
improvement of pasture lands, the promotion of susceptibility to 
this, extension of the cultivation of food crops on agricultural land, 
appointment of advisers, inspectors of seed cultivation, etc. The 
putting of peat grounds and heath under cultivation, the facilitating 
of the import of fodder in times of failed harvests. 

2. Promotion of the health condition of the cattle, education 
and advice for breeders in the sphere of feeding, pasture, shed and 
breeding hygiene. 

3. Legal regulations concerning characteristics, the keeping, 
examination and use for breeding puiposes of the male breeding 
animals (compulsory examination). 

4. Promotion of the investigation of powers of production, the 
training of milk inspectors, the holding of shows and exhibitions 
with classes for production, institution of controlling associations. 

5. The establishment of Government model industries and 
model breeding farms. Those establishments must not be set up at 
great cost, which cannot be emulated by the breeders, but the 
establishments, as regards equipment, manner of working and profit 
making, will have to be examples capable of being followed by 
every breeder. 

6. Promotion of associations in the sphere of cattle breeding, 
the appointment of official experts in cattle breeding or by granting 

2 
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assistance towards their appointment. As breeding associations 
are the pioneers of the progress of cattle breeding, these should be 
strongly supported by the State. 

7. Thorough training, theoretically and in practice, of breeders 
in Higher, Secondary and Lower Schools of Agriculture, the found- 
ation of cattle-breeding institutes, the conducting of special courses 
for cattle breeding, the care of cattle, the regulations regarding focn], 
milking, etc. Promotion of the granting of certificates of suitability 
to special cattle attendants. 

8. Promotion of the holding of shows, examinations of cattle, 
exhibitions of fattened cattle, public sales of breeding-bulls, the 
acquiring of lower freights, Government premiums, medals. 

9. The appointment of expert cattle-breeding officials, estab- 
lishment of departments for cattle breeding at the Ministries 
for Agriculture, the conduct of cattle breeding from a central 
place. 

10. Other measures: the regulation of the import and export 
of cattle, protective rights, supervision of the cattle trade and 
markets, effective policy regarding prices, Government cattk* 
insurance, the furnishing of credit in accordance ^vith the needs of 
the times, support for the great, important activities thioughout 
the whole sphere of cattle breeding. 

Subject III (6) was not of particular interest and few papers 
were forwarded. 

Subject I\ produced a paper by Dr. Ulrich Duerst of Berne 
which starts an original line of investigation. A summary of his 
paper is as follows 

‘ Answering to the question I conclude from the last researches 
of my own laboratory ; 

1. The cattle to choose in any race must firstly have a consti- 
tutional type con*esponding vdth. the desired production. 

2. To produce large milk and beef quantities the animal to 
choose must show a relative small content of dry-substance in its 
blood. 





RIENK, No. 11132 F. H. (Bom 22nd Mardi 1919.) 
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:i To produce a higher quality of milk (butter-cows) or 
animals of early-maturity in fattening, we must choose them with a 
higlier degree of blood-dry-substanoe. 

4. To possess a resistent constitution and to be able to stand 
long journeys (exportation cattle) we must choose cattle with 
a dark colour without much albino-spots and owning a high degi’ce 
of blood alkalinity/' 

Some photos of Dutch cattle are given (Plate VI). The writer 
was struck with the hardy appearance of the stock seen. There was 
a conspicuous absence of the coddling usually associated with 
pedigree milk herds. The cows had to yield milk under ordinary 
commercial farming conditions or they were quickly got rid of. 
The general stock to be seen were large, thrifty, commercial animals 
with big frames and with all the signs of constitution, This is 
probably why Dutch milk cattle have been a success all over the 
world. 



NOTES ON COTTON BOLLWORM ATTACK AT 
SURAT. 


BY 

M. L. PATEL, B.Ag., 

Colton Breeder, Smth Gujarat, 

In considering the yield of the cotton crop in South Gujarat, 
and particularly at Surat, over a series of years, two features at once 
strike the observer. The first is the extraordinary variability 
of the yield, which is not at all completely explicable by variations 
in rainfall ; the second is the curious way in which, as compared 
with similar figures for other countries, the early flowering appears 
to be checked. Before presenting the observations which the author 
has made in order to proceed towards an explanation of these 
phenomena, we may look more closely at the facts themselves. 

The variability of the cotton crop can be fairly well measured 
by the average yield of seed-cotton obtained on the Surat farm 
For a niunber of years this is as follows, the total actual rainfa! 
being placed side by side with the figures of yield 


Year 

Average yield of 
seed-cotton in lb. 

Total rainfall in 
inches 

1900 





87 

34U9 

1904 





242 

13-40 

1910 





415 

32-09 

1911 





91 

17-30 

1912 





643 

51-68 

1915 





296 

26-90 

191S 

•• 


- 


405 

17-65 

1920 

•• 

•• 



631 

26-02 


( 130 ) 
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The connection of yield with total rainfall is very slight. The 
two liighest yields were obtained with 25 and with over 51 inches, 
and the lowest with a rainfall of over 34 inches. The more these 
figures and others on record are critically examined, the more 
it is clear that when the rainfall exceeds 17 inches, neither its amount 
nor its distribution is the dominant influence in determining the 
yield. A similar examination of temperature records shows no direct 
influence either of the average maximum or minimum temperatures 
on the yield of cotton. There is, however, a suspicion that a low 
cold weather temperature has an injurious effect on the yield of 
cotton in the succeeding year. 

As it seemed clear that some norirclimatic influence was affecting 
yield, the author has, during the last five years, in order to elucidate 
the question, carefully studied the appearance of flower-buds and 
flowers, and determined the proportion of these which ultimately 
forms bolls. Now in cottons belonging to Gossypiutn keTbuceUM 
(which include practically all important Gujarat cottons), ordinarily 
the flower-buds on the first primary fruiting branch (sympodium), 
oil which the flower-buds are formed earliest, appear from the sixth 
to the ninth week after germination. The period is by no means 
definite, of course, and varies according to soil and season. Thus, 
at iSurat, with the commonly grown Broach desi types of cotton, 
this branch gave its first flower-buds as follows in the last five 
years : — 


Ye»r 

Appearance of first 
flower* buds 

1918-19 

6th to 8th week 

1919-20 

6th to 8th week 

1920-21 

5th to 6th week 

1921-22 

10th to llth week 

1922-23 

7th to 0th week 


As the flower-bud takes almost exactly a month to ripen into a 
flower, it follows that flowers should begin to appear a month later 
thaii the first flower-buds. 
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Tliis, however, rarely occurs^ and the first flowers are usuc-lly 
much later. In the last five seasons the first flowers opened as 
follows : — 


Year 

Appearaaoe of firet 
flowers 

Time between fliat bixls 
and first flowers 

1918-19 

I2th week 

4 to 6 weeks 

1919-20 

17th week 

0 to U weeks 

1920-21 .. .. .. i 

15th ^reek 

9 to 10 weeks 

1921-22 

16th week 

0 to 6 weeks 

1922-23 

15th week 

6 to 8 weeks 


These figures clearly indicate the entrance of a factor, more 
powerful in some seasons than in others, which causes a large 
shedding of flower-buds at the beginning of the season, and so 
brings about delay in flowering due to shedding of flower-buds. 
This is unusual in other cotton-growing countries, where by far the 
largest part of the shedding most conunonly takes place at the 
end of the season. This loss of flower-buds is, it seems clear, to by 
far the largest extent, caused by the spotted bollworm {Earias sp.) 
though other sucking insects, notably Jassids and Afiiis, are 
probably indirectly responsible for a small portion of it. The 
fact that a very large proportion of fallen flower-buds are pierced 
with bollworm punctures makes it clear that this insect is tiie 
principal ofiender. 

This very large (in some cases almost complete) loss of the 
early flower-buds tends to niake the actual flowering concentrated 
in a very short period. With two of the author’s pure straiiife 
this concentration is shown below for the last five years. The 
figures show the proportion of the total flow^ers formed which appear 
in the most intense flowering four weeks. 



Strain “ lA Long Boll ” 

Strain “ 1027 ALF.” 


Per cent 

Per cent. 

1919-20 {24tii to 27th week) 

63*0 

67-4 

1920-21 {20th to 23rd week) 

72*5 

83*5 

1921-22 (24th to 27th week) 

l>5-8 

64*7 

1922-23 (22nd to 26th week) 

G7‘ti 

70*9 
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Xow out of these four weeks of intense fiowering, the bulk 
of the actually successful bolls was produced from flowers opening 
in tm) weeks only. This is shown in tlie following table, which 
sliows the perc^entage of the flowers opening, which ultimately 
pro(iuced ripe bolls. 



Strain lA Long ihdl ' 

1 Strain 1027 A-LK. ’ 


Per cent. ! 

Per cent. 

1920-21 



1st week . . 

72-0 

69-0 

iod week . . . . . . ' 

07-0 1 

36-0 

3rd week . . 

38'o 

18-5 

4th week . . . . . . ' 

10‘0 

8-5 

1921-22 ! 



1st week . . 

03 '0 

o8-0 

2nd week . . . . . . ] 

I 

450 

3r(l week . . . . . . 


10-0 

4th week . , . . . . | 

4-0 : 

i !■■> 

1922-23 1 



Ut week . . . . . . ' 

(>6-4 

57-0 

2nd week . . 

.V2-0 

54-2 

3rd week . . . . . . 

30-1 

lo-T 

4th week . . . . . . 

7-7 

5 ‘7 


Thus the major portion of the ultimate cotton crop is produced 
from the flowers opening in two weeh. This is more true, of course, 
of some strains than of others, and those pure strains which have 
either a tall open habit of growth, or a spreading liabit of the bracts 
of tlie flower- buds, or a large proportioi^ of flowers to leaves, seem 
to have a longer effective flowering season than others. It would 
appear, however, that if the effective flowering period could be 
lengthened, the yield would be greater though the early produce 
will be diseased. It was obvious almost immediately that a very 
important cause not only of the failure of the early flowers but also 
of the later flowers to some extent was the spotted bollworm {Earias 
sp.), which is thus a great factor in shortening the effective flowering 
season. 

The facts just brought out are illustrated very well by a series 
of curves * representing the flowering of the plants belonging to pure 


I'liese curves arc framed on tlic lilies suggested by J, A- Prescott in liis studies ot the 
ftow' ring of the Egypiiau cotton plant, {Ann. Bot, 36 (1922), jv. 121.) 
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strains of cotton grown at Surat. These curves for three siicli 
strains are shown below for three years. They show the total 



number of flowers formed up to any particular date, and on com- 
parison with those for Egypt, for instance, it will be noticed that 
there is a very marked check in the early part of the flowerin^j) 
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and then a sudden rise in the number of flowers formed. This 
cjjerk, which does not occur in Egypt or, for the matter of that, 
in any other area even in India to the same extent, is, as has been 
noted, due, in by far the largest measure, to the effect of the spotted 
bollwomi. 

How proportionately great is the effect of the spotted bollworm 
is shown by the following set of figures in which is shown the total 
shedding of flower-buds, flowers and bolls on four plants, which, on 
a careful examination of the shed material, is due to bollworm and 
to other causes.* The figures given show the number of flower- 
buds, flowers and bolls shed 


Month 

Shedding due to 
bollworm 

Sheddiii” due to all causes 
except bollworm 

Xavember 1920 

226 

66 

December 1920 

124 

(m'J 

Janiiarj' 1921 

19 

:i97 

Total 

369 

j 1,122 


It will be seen that even though the sheddings of October were 
not counted, by far the greater part of the early loss is due to 
bollworm, but that its relative importance tends to disappear later 
in the season. 

Three points seem, therefore, clear : — 

(1) The relatively small yield of Broach desi cottons at 

Surat is largely due to the fact that there is a very 
obvious check to the flowering of the early formed 
flower-buds. 

(2) This check causes the effective flowering period to be very 

short. 

(3) This check in the early season is chiefly due to the work 

of the spotted bollworm {Earias). The pink bollworm 
appears later in the season, but is not a serious danger 
at the time we are now considering. 


*The actual examinations were made by Mr. T. N. Jhaveri, Assistant Entomologist, to 
whom our thanks are due. 
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If tliese conclusions are correct, then the chet‘king of the spott 
boliwonu is the most importaiit tliiiig to be done to increase I lie 
outturn of cotton in Lower Gujarat. So far efforts ij] this directi'ni 
liave taken tliree lines, and we will now review what has been done in 
these directions and its general value. These three metluxls arc 

(ff) To grow a trap crop along with cotton, and tlien i-eiiiovr 
this crop and destroy it. The trap crop usually 
employed has been bhindi (Hibisciis esculefUus) i>r 
ladies- finger. 

(b) To destroy the earlier broods of the bollvvonn by removing 

the top shoots of the cotton plants. 

(c) To (^atch the paiml moths when tliey aiv dormant, tlmt 

is to Siiy in the early morning and in the evening. 

When the fii’st of these methods was tried, namely, the growth 
of bhindi as a trap cTop. the following observations were made. 
The attack of tlie pest was fii-st noticed at tlie beginning of September. 
From that time onward till the first week in October, after which 
the trap crop was removed, fift}*-six pounds of bhindi fruits were 
removed, from whicli 744 worms were killed. During the same 
time 899 wonns were obtained from the top shoots of the cotton 
crop immediately surrounding. In the trap crop the heaviest 
infestation was found when the har\ est was finisliing ‘in the beginning 
of October, and at that time the attack on the cotton was less tlian 
in the bhii\di. It will thus be seen that the trap crop was not so 
attractive as to prevent attack of the cotton while it was present, 
though it had a greater proportion of attack than the main crop. 

On the other hand, the moths themselves were not at their 
maximum until after the trap crop had been removed. In 1920; 
a campaign to kill the paireil moths (as per metliod (c) above) was 
made from October to the middle of December and the number so 
killed was as follows : — 


September 



'J 

pairs 

October Ist to 23r(l 



21 

l)air« 

October 24th. to ;Uwt 



235 

pairs 

Total Octobt^r 



256 


November 



570 

pairs 

December Ist to 16th 



177 

pain 
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While seaxching for the paired moths, all punctured flower- 
biuls. flowers, and immature fruits which were found on the cotton 
^nd on the trap crop were removed and tlie worms destroyed. The 
number of worms so removed and destroyed was ;is follows 


umber of worms rearmed and de^lmjed . 



From trap crop 

Fnmi wtt<»n Total 

tiejjterober 

m \ 

474 

059 

October lirst week 

559 1 

42.) 

984 

October 8th to 3Ut . • , . : 


291 

m 

Xovember lat to 19th 


1,234 

1,234 

Xoverttber 20th to December lOth . . ; 


282 

282 


The figures fui'nish a good indication of the severity of the 
attack. 

It is clear, therefore, that the system hitherto in vogue of 
sowing a trap crop witli the cotton and removing the bhtndi pods 
as they mature is almost useless, as tlie maximum attack cx-curs 
after the hhiaidi is reino\'ed. E\'en wlieii tlie trap crop i.s present, 
there is still a large amount of attack on the cotton, and as 
u means of removing tlie early broods of the bolhvonn and so 
premUing the serious attack of tlie cotton, the method definitely 
fails. Wliether there is a possibility of checking the attack, by 
having successive crops of hkitidi, is not yet clear and has not been 
tested- 

With reganl to the second suggested method of check, it may 
be noted that, up to the third week of October, the attack of the 
bollworm was chiefly on the young growing shoots of the plant, 
either on the petioles of the leaves or on the flower-buds. After 
that date, it occurred equally on all kinds of immature fruit forms. 
Now, from the previous table, it will be seen that the maximiun 
emergence of moths takes piai'e from the last week in October and 
through November. Tints the removal of the top shoots of the 
young plants will not be effective unless all or nearly all such shoots 
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are removed, for the boll worm moth has the habit of depositing 
its very numerous eggs singly in a large number of places. Its 
life-cycle takes about a month, so that the eggs deposited near the 
end of September will give the moths wlpch produce the very 
heavy broods of moths at the end of October. Inasmuch as 
it is impossible to remove all or even a large proportion of the 
growing shoots of the plants at the end of September or in early 
October when the cotton is making its growth, the method seems 
definitely to fail and has, in fact, produced little advantage in 
practice. 

The advantage of using all the above mentioned methods on 
a single area of cotton, that is to say, the growing of a trap crop 
{bhindi) among the cotton, the nipping off top shoots in the early 
season, and the destruction of moths in the morning and evening, 
wa 5 tested by noting the percentage of diseased and healthy 


flowers opening each day on a fully treated area and on an adjoining 
untreated area during two weeks at the most important part of the 
season. The results are as follows:— 


1 Percentage 

; OF ATTACK 


Treatwl area 

Untreated area 


Per cent. 

• Per cent. 

November 20 . . 

9-5 

171 

„ 21 . . 

: 10*7 

16*3 

„ 22 . . 

12 t> 

15*0 

„ 23 . . 

.. 1 8*0 

15*6 

Average 

in-2 

15*6 

December 7 . . 

[ : 

; 3*3 

4-7 

« 8 .. 

; 1*9 

6*4 

9 .. 

^ 2*7 i 

4*9 

,» 10 .. 

1-0 

3*0 

Average 

1 

..I 2-2 

4-7 


The real benefit obtained by the application of all these 
methods was tested by comparing the percentage of success cf 
flowers from flower-buds, and of bolls from flowers, in the general 
area of the farm in 192021 and 1921-22, with the success on an 
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area where all the methods were tried in 1922-23. With two pure 
strains the figures were as follows 



Pebcextaqe of sdccess 

i 

Strain “ lA Ixjng BoU ” 

1 strain “ 1027 A.LF.” 

lower-budfl to flowers— 



1920-21 

1 39-3 

36-5 

1921-22 

* 39-7 

441 

1922-23 

j 30*0 

33-9 

'lowers to bolls — 



1920-21 

i 380 

36*0 

1921-22 

32-0 

38-5 

1922-23 

1 35-6 

36*0 


That the pest gets a eheck suddenly from 5th of December and 
onward can be judged from the following table showing the percen- 
tage of diseased bolls from flowers opening in different weeks in two 
of the strains in 1922. 



Strain ‘‘ lA I/tmg 1^)11 ’ 

1 Strain “ 1<127 A.L.F.” 


Fer cent. 

Per eent. 

From bolU, up to 5-12-22 

70-0 

7,3-6 

f)th to 12bh Deceiubor 

rAi 

56*2 

l:Uh to I9ih December . . 

.37 5 

4S1 

20th to 26th Deeember . . 

2S-2 

39-1 

27th Deeember anti imwartLs 

l.l'” 

36-0 


In short, there is apparently a distinct effect of the measures 
used, but the remaining attiick is so great that, as practical effective 
measures, they are not worth the cost and trouble involved. 

The amount of attack remaining is so great as to ensure full 
infestation of tlie crop in the later stages. The absence of greater 
effect would seem probably to be due to the fact that a single pair of 
moths can produce an enormous amount of infestation owing to 
their method of depositing the eggs singly in many separate places, 
so that a smaller number of moths left undetected may and will 
probably lead to almost a maximum amount of d^nage later in the 
season. 
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The figui'es above noted do, however, show one very striking 
faet, namely, the sudden and very large induction in the proportion 
of diseased flowers between the third week in November and the 
second week in December. This is coincident with the sudden 
appearance at the end of November or beginning of December of 
worms heavily parasitized with a small wasp, Microbramn lefmji, 
which is also very active in the Punjab. In the latter part of 
November, in fact, worms were found in numbers in a moribund 
condition. kSeveral of the larvae of the ^vasp responsible for tlie 
parasitism were found on each womi and the full-grown insect 
emerged after ten days, following eight days’ pupation. The natural 
supposition would be that this parasite, whose appearance coincides 
with a sudden fall in the percentage of attack, is probably the 
cause of the sudden reduction in the amount of infection. There 
is as yet no proof that this is the case, but the substantial failure of 
other methods of reducing the severity of attack would lead one to 
look upon the cultivation of this parasite as the most promising 
method of dealing with the pest in Gujarat. 



SOME ASPECTS OP LARGE ESTATE FARMING 
IN THE PUNJAB.* 

BY 

W. ROBERTS, B.Sc., 

British CJotton Growin/j A-snoriation Farm, KhanewaJ. 

The Punjab Government when colonizing the Lower Bari 
Doab tract allotted certain large size grants of land on lease for 
^ipecific purposes. The following are the main grants being 
worked at present 


Area in 
acres 


Pnr|>ose 

■ 2 i,noo 

Military Partus De- 



partment 

To ptviducc fiKlder fiir the Arinv. 


0^1. Cole .. j 

Horse breeding oonditions — roughly one breedinc mare 

7.000 

Major Venreneii . , j 

jter square of 2.'5 acres to be kept. 

2,000 

Hon. S. Jogendra Singli 

Stcj>m cultivation. 

3,000 f 

Ch. Jahangir Khan . . 


to J 

1 

Cattle breeding— a definite numltx^r *»f brewliu" cows 

Ch. Allahadad Khati f 

kept per square. 

4,0001 

and others {fire in ail) j 

3,000 

Mr. Couville 

Seed production for the Agricultural Ilepartment. 

T.0(,)0 

British Cotton Cnjwitig 



Association 

To encourage staple eoilon gruvviiig, test varieties, 
establish a buying agency for long staple cotton, etc. 


A total of about 60.000 acres has tims been allotted — this 
corresponds to | per cent, only of the irrigated tract of 12 million 
iWJres in the Punjab and less tlian J per cent, of the cultivated area 
the province. All these farms with the exception of that of the 
Hon. iS. Jogendra Singh are worked on the tenant system and 
i.e., the tenant gets half the produce and the landlord half ; 


Pfcper re»d at the Indian Soienoe Congreaa, Bangalore, 1924, 
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the water rate and land revenue and taxes which total about Ks. 9 
per acre being paid half by the landlord and half by the tenant. 

The great bulk of the irrigated colonies has been allotted 
to small farmers who hold from one to five squares, i.e., from 
25 to 125 acres. The conditions of the leases of the large estates 
mentioned above are much stricter and more severe in every way 
than those granted to the small cultivator. 

The writer has been managing the B. C. G. A. estate at 
Khanewal for the last three years. A few of the ways in which this 
estate especially, and others incidentally, benefit the country are 
noted below. 

Supervising staff. 

Owing to the areas being large it is possible to engage qualified 
men from the Ly allpur College, where the writer worked for 
12 years, as assistants. The Association employs at present five 
graduates or diplomates of the college, besides an honours graduate 
just recruited from home, whose qualifications in botany it is hoped 
to utilize to supplement and help the work of the Agricultural 
Department. 

Cultivation of cotton. 

Special attention is given to the cultivation of cotton. About 
1,800 acres of irrigated cotton are grown annually. The average 
yield last year for 1,300 acres of American cotton was 12 maunds 
of 82f lb. per acre and for desi cotton 15| standard maunds. 
No other large or even small estate in the Punjab can point to 
such results. The yields in the present season* are expected to 
be at least equally good, as judged from pickings so far received 
and the general condition of the crop. The general method of 
cotton cultivation at the farm is as follows : — 

The land in the colonies is divided into squares of 25 acres, 
five acres each way and numbered from 1 to 25. Each line of five 
acres in a square is divided into two, thus giving ten units of 
acres in each square. Three such lines per square are generally 

* Final yields for 1923*24 are : American 14 maunds per acre on 1,400 acres and 
15*1 maonds on 600 acies. 
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put down to cotton. These are always together and are continued 
in the next square, so that a line 2| acres wide may often stretch 
for ten or even more squares. This enables the irrigation water 
to be concentrated on these blocks and on the adjoining fodder 
block, the fallow areas not being touched. This leads to economy 
and concentration of water, and is a big factor in securing the 
best result from the water available. Had cotton been sown in 
odd acres all over a square, much water would be wasted in being 
taken along various channels, of which comparatively little use 
was made. The same thing applies, of course, to wheat and other 
crops, which are also concentrated in blocks. 

During the latter part of March and early April, experience 
shows that excess of water is available in the canals. Use is made 
of this by giving land prepared for cotton double rawni, i.e., 
two waterings before sowing. This secures good tilth and a well 
supplied subsoil water reserve. After sowing, the crop gets no 
further \vater for from six to ten weeks, and has thus an opportunity 
to develop deep roots, and to get well into the soil, thus insuring 
better resistance to drought, should water supply be short later on. 

If rain falls after sowing, the crust is immediately broken by 
means of the “ bar harrow ” which is very popular on the estate. 
All cotton is sown in lines either two feet apart (desi cotton) or 
three feet for American. The crop is intercultured as often as 
possible and especially after irrigation. Generally from four to six 
interciiltures are given. It may be mentioned that the usual 
system of cotton sowing in the Punjab is broadcast, and no inter- 
eulture is possible with that system. The native plough is actually 
run through the crop, even when it has been broadcasted, but 
observation shows much damage is thus done to young plants, 
especially of Amej’ican cotton, and such fields are characterized by 
plentiful weeds, w]\ich cannot flourish except at the expense of the 
cotton crop. 

As cultivation is done on a large scale, uniformity tlirougliout 
the farm is rapidly attained. Instructions are given out from 
week to week and day to day as to what operations are to be 

a 
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performed and what crops require watering, etc. In this work the 
Lambardars (headmen) appointed from among the tenants, and by 
them, give invaluable assistance. There has been no slowness in 
appreciating the value of system and control, for, after all, the 
tenant gets half the produce while the supervising stag, implements, 
etc., fall entirely on the estate or landlord. 

Buying agency. 

Again, assistance is given in selling produce, for which a pre- 
mium over the ordinary market qualities is always available. In 
order to facilitate the securing of best prices for cotton the Associa- 
tion has established its o\Yn buying agency and tenants’ cotton is 
bought at premiimis over the market rate. Other large zemindars 
who sell to the Association and can produce uniform quality cotton 
also receive premiums. 


Pure seed. 

Great attention is paid to the supply of pure seed. Sufficient 
to sow a lakh of acres of cotton was supplied cither to the Agricul- 
tural Department, or direct to the cultivators last season. Similarly 
as regards wheat as much seed as is wanted can be supplied at 
market rates. 

Assistance to Agricultural Department, 

In order to facilitate the work of the Agricultural Department, 
large scale tests of varieties are carried out by gro\ving types along- 
side one another and recording yields separately. It is hoped 
thus to secure early results as to the value of new varieties (con- 
stantly being produced by the department) when tested under 
ordinary conditions away from Government farms. 

Report to Government. 

A report is sent each year to Government on the value of 
the Punjab-American cotton in Liverpool and Lancashire, thus 
tending to keep the grower in touch with the value of long staple 
cotton as compared to desL 
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Power cultivation. 

Among other lines of work being started is investigation of 
power cultivation, whether from tractors or steam, as compared 
to tenant farming. As large tracts will sliortly be coming under 
cultivation for the first time, both in the Punjab and Sind, and as, 
under present conditions, settling and colonizing a new tract is 
slow work, after the completion of a canal, it is hoped very important 
economic results will be worked out. It is very probable, as far as 
existing evidence goes, that assistance during the first years of 
colonization will materially reduce the project costs estimated for 
such canals as the Sutlej Valley in the Punjab and the Sukkur 
Barrage in Sind. 

A very instructive experiment in tractor cultivation is in 
progress on Major Venrenen’s estate where 2,000 acres are being 
managed in this way, with apparently very successful results. A 
great many problems, however, still remain to be solved, especially 
as regards comparison of tractors and steam cultivation. 

A feature of most of the estates is the well planned villages, 
roads, trees and wells put up by the lessees for their tenant.s and 
labourers — whose prosperity and contentment must be considered 
in all successful estate management. 



CARBON DIOXIDE IN SOIL GASES.* 


BY 

JATINDRA NATH MUKERJEE, B.A., B.So., 

First Assistant to the Im-perial Agricultural Chemist. 

It must have been observed by many tliat fruit trees do m\ 
grow so well on plots wliich are ne^^er weeded out, as on tliosi 
which are kept free from weeds by surface cultivation. Tfiis fae 
is demonstrated in the botanical orchard at Pusa, where there an 
three plots, one of which has been grassed down, one kept cultivated 
and a third which has been grassed but provided 'with trenche 
(1| ft. wide and 2 ft. deep, tilled with gravel) between rows of tree? 
Although all tlie three plots were planted at the same time, fnii 
trees gromi on the cultivated plot are quite vigorous and are fa 
superior to those on the other two plots, while those grown on th 
trenched grassed plot are slightly better than those on the grass^c 
plot without trenches. The trees on the grassed plot are not onl; 
of very poor and stunted growth, but some of them are actiiall; 
dead. This fact was brought to the notice of the Chemical Sectioi 
at Pusa about four years ago, and an investigation was at one 
commenced. 

During the first year 1919, attention was confined only to th 
periodical examination of the COo content of the soil gases froD 
these three plots. The method adopted for the collection of soi 
gas samples and the determinations of their COo content was quit 
simple. For each determination about 10 litres of soil gases wer 
aspirated through a ReisePs apparatus connected at one end, b 
means of capillary tube and a tap, to a brass tube driven insid 
the soil and at the other end to a ISditre aspirator bottle. ‘ Tli 


Paper read at th© Indian. Science Congress* Lucknow, 1923. 
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Reiset's apparatus contained a measured volume of baryta water, 
the strength of which was determined before and after aspiration 
ohtlie soil gas by titration against standard acid and the titration 
differences gave the data for calculating the amount of COg contained 
ill the soil gas. 

The results for 1919 (Table 1 ) show that the proportion of 
CO 2 has been considerably higlier in tlie grassed plot than in the 
cultivated plot ; the trend led grassed plot results being intermediate 


Table I. 


Months 
during 
which soil 

Plot No. 1 

OEAS?SKn DOWN 

( 

Plot Xo. 2 

OKASSKI) UI:T i'AKTIAIJ.V 

AKUATF.n BV TRENtHll'j 

Plot Xo. 3 

SURFACE Ct-LTIVATED 

rv< 

examined 

1919 

1920 

1921 

: 1919 

i 920 

1921 

1919 

1920 

1921 


0 ,' 

i % COj 

% CO, 

; %co, 

O'- rv-) 

"'a CO, 

%co, 

% CO, 

% CO, 

January . . 

O’lLl 

1 

' 0-312 

0-375 

; 0-312 

0-250 

0-204 

0-209 

0-186 

0-247 

February 

0-472 

0-3S2 

0'331 

0-320 

0-342 

0-2S2 

0-253 

0-238 

0-248 

March . . 

0-427 

; 0-457 

0-315 

0-223 

0-383 

0-302 

0-197 

0-236 

0-233 

April 

0-454 

: 0-31)7 

0-514 

0-202 

0-321 

0‘430 

0-203 

0-222 

0-315 

May 

0-271 

0-385 

0-374 

0 -257 

0-315 

0-322 

0-133 

0-235 

0-277 

June 

0-341 

• 0-544 

0-148 

0-274 

0-524 

0-421 

0-249 

o 

-1 

0-296 

July 

1-540 

1-113 

1-421 

1-O90 

0-906 

1-219 

0-304 

0-334 

0-378 

August , . 

1-500 

2-030 

2-280 

(1830 

0-9[>3 ; 

1-64S 

0-401 

0-307 

0-542 

‘^epteiuber 

1-908 

2-212 ; 

1 - 020 ; 

0-931 

1107 ; 

1 -206 

0-450 

0-341 

0-442 

October . . 

1-297 

' 1-545 

l-2f)8 

0-602 

0-718 i 

0-805 

0-305 

0 291 

0 300 

November 

0-853 

; 0 047 

0-873 

0-45G 

0-42(> ; 

0’513 

0-261 

0-254 

0-264 

December 

0-398 

0-441 1 

n-oon ; 

0-327 

1 

0-341 1 

0-373 

0-219 

0-277 

0-273 

■ 




i 

1 






in character. During the first six months of the year, the carbon 
dioxide in the soil gas of the grassed and trenched plots varied 
between 0*50 and 0*25 per cent, and that in the cultivated plot 
between 0'30 and 0*15 per cent. The CO^ was at its lowest in all 
tbe three plots during JTay when the weather was very hot and 
dry. Immediately after the commencement of the monsoon, the 
CO 3 in all the three plots suddenly rose and continued increasing 
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till it reached its maxiimun point between August and September. 

In the grassed plot, the figure rose to about 2 per cent., in tlie 
trenched plot to about 1 per cent, and in the cultivated plot to about 
0-45 per cent. CO.. With the ceasing of the rainfall in October, 
the COj content decreased until in December it fell to 0-4, 0'3 and 
0-2 per cent, respectively. These rises and falls were most pro- 
nounced in the grassed plot and less marked in the trenched plot, 
whereas the variation in the cultivated plot was onl_v slight (Chart 1). 
Chart I shows the seasonal variation in the COj content of the 
soil gas from three plots. 

In the folloviag years 1920 and 1921, the periodical examina- 
tions of the CO 2 content of the soil gases from the three plots were 
continued. The results obtained during these years were quite 
analogous to those obtained in 1919, as will be evident from Table I 
giving the values obtained during three years 1919 to 1921. Ihe 
soil atmosphere of the grassed plot is uniformly much richer in 
CO 2 than that of the cultivated plot, and tliis difference is most 

marked during monsoon months. 

The rise and fall of the CO 2 content of the soil gas could not bs 
correlated with the rise and fall of subsoil water level. An attempt 
w'as made to determine the CO 2 contents in the gases below a 
depth of 10 ft. from the surface, in September -1921, when the 
water level stood highest. TheC 02 content at this depth approxi 
mately worked out to 1-3 per cent, when the corresponding CO 2 
content below 1 ft, was 1'62 per cent. The very great increase m 
the CO. content of the grassed plot during the monsoon mouth 
would s'eem to be associated with the presence of moisture in the 
soil at 1 ft. depth, and the explanation of a few abnormal figures 
obtained in March 1920 and April 1921 is to be found in this; on 
both these occasions, there had been some rain about four or fi'C 
days previous to the examination of soil gas and consequently there 
had been an appreciable increase in the COa content of the soil 

gas from tlie grassed plot. _ 

In order to confirm the conclusion that the formation 0 
increased amount of CO 2 in the soil gas of the grassed plot is due to 
the presence of moisture, two plots of ground were selected in the 
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pot culture house compound, both of which were kept grassed over, 
but, of which, one was irrigated throughout the hot season, the 
other remaining under normal conditions. Before commencing the 
experiments, the COg content was determined and found to be 
0*474 per cent, in No. 1 and 0*492 per cent, in No. 2. The results 
obtained subsequent to commencing the irrigation of Plot No. ] 
were as follows: — 

Table II. 


Date 

riot 1 
Inigated 

Plot 11 
Uiiiirigated 

April 7tli . • 

0984 

0-441 

„ 12th .. ; 

0-804 

0-410 

„ 24th . . 

! 1 im 

0 -4.^15 

May 8th . , . . 

1-002 

0-364 

„ 2nth .. 

0-819 

0-33d 

J une 2nd . . 

0-779 

0-349 

- — . ■ 




It may, therefore, be taken as clearly demonstrated that the 
effect of keeping plots grassed over is to enormously increase the 
CO 2 content of the soil gas during periods of rainfall and that the 
presence of moisture is the determining factor. 

Examination of moisture content of the soil up to a depth of 
18 inches, in all the three plots, throughout the year (Table 111) 
showed that, during April and May, the moisture content of the soil 
at 1 ft. to 1 ft, 6 in. in the grassed plot goes do^^ n to about 1 per cent., 
in the trenched plot to about 1*3 per cent, and in the cultivated 
plot only to about 5*5 per cent. It is, therefore, evident that the 
soil in the grassed plot becomes so depleted of moisture that a 
large proportion of grass roots die during hot weather. Consequently 
during the monsoon, conditions are favourable to a rapid decom- 
position of tlie organic detritus introduced into the soil from the 
roots of the grass, carbon dioxide being one of the products of this 
decomposition. 

Brown and Escombe^ found that the response, which all tiie 
species of flowering plants make, to a slight increase in the amount 


‘ £ 0 ^ Soc. Froc^t 76 , p. 351, 1905. 
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of OO 2 is in a direction altogether unfavourable to their growth 
and reproduction, and that a comparatively sudden increase of 
CO 2 jn the air to the extent of but 2 to 3 times the present amount 
would result in the speedy destruction of nearly all flowering plants. 
Caniionb while carrying on a series of experiments, in which the 
roots of Prosoj)is velutina and of Opuntia versicolor were exposed to 
an atmosphere of (1) pure C() 2 , (2) atmospheric air, so diluted vdth 
CO 2 that a mixture containing 5 to 25 per cent, oxygen resulted, 
found that there is retardation of growth with increasing amounts 
of CO 2 and that the roots of botli Prosopis and Opuntia can main- 
tain only a feeble grow th rate in an atmosphere containing as little 
as 5 per cent, oxygen, but that I'oot growtli in both species stops 
m pure C02* As the action of excess of CO 2 in the soil in retarding 
plant growth lias been demonstrated by Camion and several other 
observers, this factor must be looked upon as one of the causes of 
the poor growtli of the trees in the grassed plot of the botanical 
area. Another important factor is the great reduction in the 
moisture content of the gi'assed plot during tiie dry season. 

From a determination of tlie soil nitrate content of these plots, 
in every six indies, down to I ft . 6 in. (Table III), it was found that, 
during January to May, tlie soil nitrate content of the grassed 
and trenched plots varied between 0*3 and 0*4 parts nitric nitrogen 
per million soil, whereas in the cultivated plot, the figures varied 
between 4 and 5 parts per million soil. In June, immediately after 
the commencement of the monsoon, nitrification commenced in the 
grassed and trenched plots also and the nitrate contents in these 
were similar to that in the cultivated one. During the next three 
months (July to September), the nitrate in most cases moved 
downwards in all tlie three plots. After the close of the monsoon, 
while the grassed and trenched plot did not show any rise in the 
nitrate content beyond 0*4 parts nitric nitrogen per million soil, the 
cultivated one showed a gradual rise in the nitrate content, till in 
December it attained about 2 parts per million on the surface. 
Cliart II shows the variation in the ^il nitrate content of the three 
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plots dosvn to 1 ft. 6 in. from January to July and down to 3 ft. 
{roll! August to December. 

Table III. 

Moisture and soil nitrate. '■ 


Months 



Plot No. 

1, QRASS£D 



Moisture % 

Soil nitrate — nitrogen parts per 
million soil 

0^-6' 

6'-12' 

12M8' 


6'-12' 

( 

00 

.laniiary . . 

2-60 

4-92 

3-68 

0-310 

0-400 

0-236 

February . . 

l*(i8 

3-96 

2-94 

0-307 

0-237 

0-319 

Maicli 

1-64 

2-85 

2 -03 

0-383 

0-311 

0-233 

April 

3-52 

1-32 

1-08 

0-235 

0-305 

0-307 

May 

1-09 

1-76 

1-06 

0-009 

0-307 

0-228 

Jane 

13-63 

11-15 

1-84 

1 -205 

4-884 

0-615 

July 

13-70 

15-90 

11-50 

0-452 

0-466 

0-439 

August 

19-31 

21-16 

19-65 

0-688 

0-607 

0-593 

September 

14-28 

J5 21 

14-14 

0‘456 

0-555 

0'455 

October . . 

15-79 

14-76 

12-55 

0-373 

0-367 

0-356 

November.. 

11-56 

11-58 

9-29 

0-351 

0-351 

0-340 

December 

6-88 

8 11 

7-68 

0-411 

0-418 

0-416 


Months 

Plot No. 2, grassed but trenched 

Moisture % 

Soil nitrate — nitrogen parts per 
million snil 

0"-0' 

6'-12' 

12M8^ 

0'-6' 



January . . 

2-68 

3-08 

3-11 

0-388 

0-315 

0-234 

February . . . . ; 

4-52 

8-05 

8-25 

0-318 

0-418 

0-251 

M^rcli . . . . 

2-24 

2-17 

1-99 

0-309 

0-309 

0-308 

April 

5-74 

2-24 

1-68 

0-243 

0-232 

0-30(^ 


1-36 

1-27 

1-31 

0-306 

0-305 

0*305 


14-10 

11-50 

2-66 

0-819 

0-613 

0*388 

July 

15-70 

15-00 

11-50 

0*166 

<V466 

0*439 

August 

19-46 

18-89 

16-80 

0-980 

1*269 

1-326 

September 

15-18 

15-68 

14 03 

0-462 

0*466 

C-455 

October . , 

11-25 1 

12-22 i 

10-04 

0*350 

0-354 

0-343 

?vovember. . 

0-59 * 

8-61 

7-36 

0-410 

0-337 

0-331 

December 

7-95 

10*08 

12-08 

0-417 

0-334 

0-354 
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Table III— co«cM. 


Moisture and soil nitrate. 


Months 


Plot No. 3, 

CULTIVATED 


Moisture % 

Soil niti ate— nitrogen ports per 
million '•oil 



12M8' 

O'-C' 

6'-12' 

12M8'’ 

January . . 

6-74 

9-92 

9-20 

4-102 

0-600 

0-428 

Febniarj’ . ■ 

t)-27 

9-93 

8-63 

4-239 

0-343 

0-421 

March 

4-49 

7-68 

8-83 

4-614 

1-828 

0-700 

April 

4-39 

0-81 

5-39 

5-087 

0-324 

0-403 

May 

3-67 

8-49 

7T)3 

2-760 

0-924 

0-332 

June 

22‘05 

I0-5O 

10-15 

0-616 

5-762 

1-204 

July 

14-30 

15-70 

14-90 

0-452 

0-652 

0-74.’) 

August 

17-34 

lH-69 

14-27 

0-477 

0-477 

0-30o 

September 

12-43 

14-60 

15-97 

0-533 

0-459 

0-46K 

October 

9-34 

12-51 

11-67 

0-740 i 

0-513 

O'ClO 

November . . 

7-79 

9-77 

11-11 

0*750 

0-513 


December 

7-99 

12-81 

1 

13-31 

1-840 : 

fl-447 

d-450 


Investigations into the moisture and soil nitrate contents of 
the grassed and cultivated plots, thus, further explained the effect 
of grass in retarding the plant growth. Apart from its effect in 
increasing the CO2 content, which has a deleterious effect on the 
plant root, it depletes the soil so considerably of jts moisture and 
nitrate content during dr}’ weather, that normal growth is complete!}' 
checked and plants sometimes die as well. 


NOTES ON COTTON WILT IN THE SOUTHERN 
MARATHA COUNTRY. 


BY 

G. L. KOTTUR, M.Ao., 

Cotton Breeder, Southern Maratha Country, Dhanoar. 

The wilting of cotton plants at some stage of their growth 
occurs all over the Southern Maratha Country, and is familiar to 
practically every cultivator. It is usually attributed either to 
insiects or to the well known Fiisarium wilt fungus residing in the 
soil, and carried by soil infection. The loss from wilting caused 
by insects is insignificant at present, but that generally ascribed 
to the fungus is very great, though its extent has never been 
accurately determined. Observations, moreover, indicate that 
this latter is extending, and the recent tendency of cultivators to 
grow cotton after cotton, without any rotation, seems favourable 
to its extension. It is possible, therefore, that the trouble will 
become far more serious in the future than it is at present. Steps 
are already in hand for the breeding of wilt-resistant types of 
Iviunpta cotton at DLarwar, and the present note is intended to 
give some of the interesting results already obtained in that 
direction. 

The literature on Indian cotton wilt is very scanty, and so 
far as the fungus which is said to be the immediate cause of it is 
considered, the article by Ajrekar and Bal in a recent number of 
this Journal^ is almost the only piece of published information on 
the subject. The American publications regarding cotton wilt 
seom to deal with an entirely different fungus from tliat described 
by these as well as by other workers in this country. This seems 


^ Agri, Jour. Jndiot XVI, p. 59St 
( 166 ) 
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likely, for America!i cotton, which is extensively grown in Dharwar, 
does not seem to suSer from this form of wilt even when grown in 
badly infested wilt areas, and the same is true for Buri, another 
cotton of American origin, in the Central Provinces, The same 
also seems true for all American cottons except Sea Island cotton, 
whose immunity is doubtful. 

Variations in the susceptirility of Indian cottons. 

On the Dharwar farm, which is extremely badly infested with 
wilt, a- large number of different types of Indian cottons are grown, 
but all of them imve, under the farm conditions, proved themselves 
susceptible to the disease. The susceptibility varies, however, 
very much -with the different cottons. Attention was first called 
to this difference by the apparently abnormal susceptibility of 
Broach cotton, which suffered much more than others, but, later 
on, Goghari, another cotton, proved still worse. The relative 
susceptibility of different types when grown on adjoining plots 
affected with wilt, but not artificially infected, was as follows 

Cotton variAly 

1. Goghari {OoMypiuin herbaceum) 

2. Broach {Gossypium herbaceum) 

3. Jari {Oossypium neglectum) 

4-, Bani {Gossypium indicum) 

5. Comilla {Oos^piun cernuum) 

6. Kampta (the local cotton) {Gonsypium he rbaceum) | 8 

These figures only give a very rough idea of the relative degree 
of susceptibility as, in the absence of special thorough infection, 
the soil is not uniformly liable to cause the disease. It became 
necessary, therefore, to infect a small piece of land with the cotton 
wilt fungus specially raised for the purpose. The culture was mixed 
thoroughly with farmyard manure, and evenly spread over the 
plot, and on this a number of different strains of the local Kumpta 


Percentage of wilted 
plants 

46 

32 

23 

15 

13 




COTTON WILT IN THE SOUTHERN MARATHA COUNTRY 157 

cotton with two other strains of supposed greater wilt resistance 
were grown. The percentage of attack w^as as follows : — 


Strain or varieti/ of cotton 

i 

Percentage of wilted 
plants 

1 , Kumpta (local mixed type) 

22-3 

2. Dharwar No. 3 (selectioa from local Kumpta) . . 

o5-l 

3. Dharwar No, 4 (selectiou from Kumpta -Goghari 


cross) 

5o‘4 

4. Dharwar No. 5 (Ditto) .. 

72-1 

o. R<.>sea (a selection from Oossypium neglect am) 

34-5 

6. Wagale (a strain of Burmese or Ooi-sypium 


^tusifolium) 

4'7 


The difference in susceptibility is very striking. The strains 
of the cross between Goghari and Kumpta seem to retain the suscep- 
tibility of the latter. A pure strain isolated at Dharwar from the 
Burmese cotton known as Wagale proved almost entirely resistant. 
The experiment is interesting from another point of view. The 
local Kumpta cotton is a mixture of many strains, and of these 
:iome are very much more immune to wilt than others. The relative 
position of the local mixture and one of such selections is given 
above ; that of two others is as follows : — 


Strain or variety of cotton 

\ 

Percentage of wilted 
plantsi 

1. Kumpta (local mixed type) 

22’3 

2. Dharwar No. 1 (selection from local Kumpta) . . 

3S‘3 

3, Dharwar No. 2 (DitU)) 

5*6 


The difference between these two strains is remarkable, 
bharwar No. 1 , though in every other way a desirable cotton, is 
evidently very susceptible to wilt, while Dharwar No. 2 is almost 
resistant as any type tried. 

We have thus two strains so immune to wilt disease that they 
fairly form a basis for breeding with the object of getting a 
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much more resistant cotton than any in use at present. These are 
the strains of Wagale isolated at Dharwar, and our own selection 
from Kunipta which lias been termed Dharwar No. 2.^ Wagale 
is most unsuitable in every other way as a cotton for the Southern 
Maratha Country, but may well form the basis for a cross witi 
Dharwar No. 1, which is otherwise the best of our improved types. 

Effect of selection of pure strains. 

For some years experiments have now been continued with the 
object of isolating resistant plants from plots composed of pure 
strains of cotton. Accordingly plants were selected, which were 
free from wilt, in a highly infected plot of Dliarwar No. 1, and the 
seed from them grown. So far no appreciable progress has been 
made in this direction during the past three years and the progeny 
of the resistant plants seems equally susceptible with those from 
the ordinary seed of the strain. 

Effect of locality on wilt resistance. 

There are a number of types of cotton which have a reputation 
for wilt resistance in their own areas, and seeds of two of these having 
been obtained have been grown side by side with the other types 
in the specially infected plot. These two were Rozi, from Nadiad 
in Upper Gujarat, a type of Gossypium ohtusifolium, and Bislmur 
Jari from Akola in the Central Provinces, a variety of Gossypiim 
neglectum. They gave results as follows at Dharwar : — 


Strain or varitbj of cotl/m j 

i 

Percenta/je of 
plants 

1 

Roai . . 

82 0 

Biahnur Jari 

.56*1 


Both the cottons suffered very badly. As regards Bishmu 
Jari, there seems no doubt about its resistant nature in the Centn'il 

*^Kottur, Ktunpia Cotton and its Improyement. Mem. Deji. Agri. India, BoL 
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provinces. The writer has seen this cotton at Akola where it 
withstood the attack in a remarkable manner. But it failed to 
tnaintaiti its character at Dharwar, and this difierence in its 
behaviour may be due to differences in the active exciting cause 
at the two places, or merely to differences in the environment under 
which it is grown. As to which of these is the reason of the 
differing behaviour, there is at present no evidence. 



rice growing in the konkan without 

TRANSPLANTING. 


BY 

p. a. JosHi, 

Superintendetitj Qaneskkkind Gardens, Kirkee. 

The growing of transplanted rice is a very laborious operation, 
and the difficulty and expense of transplanting is by far the most 
serious element in the production of the crop. It has, however, been 
generally supposed that by no other method can equal yields of 
rice be obtained as by transplanting, and though no definite experi- 
inents confirming this have been made, yet the supposition has been 
so constantly repeated that it is almost universally believed. If, 
however, the operation of transplanting could be eliminated, without 
loss of yield, a very great advantage would be obtained both to the 
grower and to the consumer, as in this case the price of rice would 
undoubtedly be reduced. With this in view I have conducted 
experiments at Bassein, for five successive years, in which the 
seeds were sown directly in the field by means of a regular field 
marker illustrated below, thus allowing of adequate weeding 
between the rows, and proper puddling at the same time. 

The operations on the land by the writer’s method of cultivation 
are as follows : — 

(1) Ploughing of tlie land immediately after the previous 

rice crop. 

(2) Re-ploughing of the land, and preparation for sowing in 

February or March. 

(3) Sowing seeds before the rains in May or June by menns 

of a marker allowing for square%owing. 

(4) As soon as the seed has germinated and tlie lines of 

plants become visible, the field is weeded in both 

directions by a special weeder. 

( 160 ) 
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(5) When the water begins to stand in the field the weeder 

is again used to puddle the land. 

(6) The number of plants in each hill is thinned as necessary 

and the plants obtained are used to fill any gaps in the 
field. 

The ordinary method with transplanting is so well known that 
there is no need to describe it. 

The actual records of the expenditure incurred in one experi- 
ment out of many are as follows : — 

Sowing without transpl-anting. 

Cost per acre 


R8. a. p. 

(1) Ploughing on October 26tli . . " \ I 8 0 

(2) Second ploughing on "December 29th . . . . J 

(3) Marking and sowing on May 27th . . . . 2 13 0 

Seed used 68 lb. per acre . . . . . • 2 0 0 

(4) Rain fell on June 7th, and seed germinated by June 

I2th. Weedings were given on June 24th, and on July 
10th, nth and 12th 10 8 0 

(u) Gaps were filled na July 12th 12 0 

(6) Manure used . . 3 0 0 


The total cost was thus Rs. 20-15-0 per acre, excluding the 
cost of harvesting which was the same in both cases. The yield 
obtained was 

Grain (paddy) - • 2,820 lb. per acre. 

Straw . . • * 5,288 ,, .» 

Sowing ivith tramplanting. 

Oust per acre 


Rs. A. P. 

(1) Ploughing in October and December . . . . 18 0 

(2) Preparing seed-bed (one-tenth acre) including ploughing, 

rab material and sowing , . . ■ 25 8 0 

(3) Seed used (40 lb.) and weeding of seed-bed •> 16 0 

(4) Preparing of field for transplanting . • 110 

(5) Lifting and transplanting (July 13th and I4th) 9 8 0 

(6) Weeding by hand (August 13th) . . , . . - 2 9 0 


The total cost is therefore Rs. 41-8-6 per acre, excluding, as 
before, the cost of harvesting. The yield obtained was 
Grain (paddy) 2,610 lb. per acre. 

Straw . . 4,252 „ „ 

The results obtained in this experiment, which is merely repre- 
sentative of a number of experiments which have been done at 
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Eassein, at Alibag, and in cultivators' fields, would indicsite 
considerable promise in the direction of growing rice without 
transplanting in the Konkan. They are being followed up aud 
more complete results will shortly be available. 

The special implements I use in the method described are 
two 

1. Field marker and planter (Fig. 1). This is a wooden roller 
with a circumference of ten to twelve inches, in which square holes 



FiO, 1. FieM marker and planter. 


are made to take pointed wooden pegs seven inches in length 
The arrangement will be clearly seen In the illustration. Tlie 
implement is rolled in the manner shown, leaving holes in which tlic 
seeds can be sown regularly, just as in the ordinary process of 
dibbling; only much more quickly. There is no difficulty m 
joining two or three rollers together (each being six feet long) and so 
sowing a breadth of twelve or eighteen feet at one time. 

2. Weeder (Fig. 2). This is a wooden implement veiv 
similar in appearance to a light country plough (see right hand 
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side of the figure). It consists of a wooden pole about four feet 
long, having one end fitted with a cross piece projecting six inches 
on each side to serve as a handle for pulling, and the other attached 
to a liandle, and a little over three feet long, fitted at the base with 
a short leg ten inches long, which forms the working part in the 



Fig. 2. Wseder. 


soil. The two sections of the implement are strengthened with 
cross-stays where necessary. The base section is fitted with an 
adjustable and reversible blade. In this form it requires two 
Rien to work it as shown, one pulling and the other pushing 
in the paddle between the rows of rice. 

This weeder is also made to be used by a single man, and then 
consists of a wooden pole about four feet long, with the steel blade 
fixed at one end and a handle at the other, as shown on the left of 
Ihe illustration. Tins is \vorked alternately backward and forward 
by the man using it. 
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THE DEVELOPMENT OF AGRICULTURE IN INDIA * 

BY 

D. CLOUSTON, C.I,E., M.A., D.So., 

Director of Agriculture, Central Provinces, 

Agkiculture is admittedly our largest iiidustr}^ in India and 
furnislies practically all the material for the food and clothing 
of the people as a whole as well as raw materials for the larger part of 
our manufacturing industries ; over the greater part of India it is 
in a backward state at present and therefore offers great scope 
for development on scientific lines. The value of the land, buildings, 
stock, implements, etc., which form the capital of the landholders 
of this country, must run into thousands of crores of rupees : the 
value of that could almost certainly be doubled by the application 
of science to practice. The scope for improvement's so gi'eat that 
the cost to Government of maintaining an ^?fficient Department 
of Agriculture should be insignificant as compared with the value of 
the results which such a department would in course of time produce. 
Rapid progi’ess will necessarily be slow owing to the apathy and 
ignorance of the people tliemselves. It is the bounden duty of 
Government therefore to provide the driving power ; in no other 
way can it be provided. In India an intelligent appreciation of the 
value of research and of scientific methods hardly exists outside 
Government departments ; very few^ of our public men who voice 
the sentiments of the people are personally interested in the develop- 
ment of agriculture, and our practical agriculturists are not sufli- 
ciently well educated to be able to express their views clearly, or to 

• Reprinted from “ The Indian Empire — Trade and Commerce Survey, 1923-24 ” Suppl- ' 
ment to the Tirms of India Jllus. W^kly, 4th July, 1923. 
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give a scientific department the backing it requires and deserves. 
India is placed at a disadvantage in this respect as compared witli 
England, for example, with its large number of up-to-date “ gentle- 
men " farmers, many of whom have studied the theory and practice 
of srieiitific agriculture at Universities and Agricultural Colleges. 
These farmers themselves conduct experiments with the assistance 
of the large staff of scientific advisers employed by the Ministiy' 
of Agriculture, the Universities and Colleges ; they keep in touch 
witli eveiy new development in agriimlture by subscribing for 
scientific periodicals, and play an important part in moulding the 
policy of Government. Living as they do in a scientific atmosphere, 
they appreciate the value of science and give the scientist the 
backing lie needs. 


The application of science. 

The standard of cultivation in India to-day closely resembles 
that which obtained in England two (‘cnturies ago. wlien the wooden 
plough, since relegated to the nniseuiiis as a relic of tlie past, was the 
tillage implement in common use. Such land as was under cultiva- 
tion in England at tliat time gave very poor yields, and for want of 
efficient implements and draught power very large areas were never 
cropped. The agricultural unit in England at this time was the 
village with its scattered holdings, common grazing grounds, half 
star^'ed cattle, and poor crops resulting from bad cultivation — all 
of which are characteristic of most parts of India at the present day. 
Wars and more especially the Napoleonic \\ars, the rapid develop- 
ment of manufacturing industnes in urban centres, the consequent 
increase in the urban population and the decrease in the population 
of rural areas all helped to force up wages and the cost of farm 
produce. High prices, coupled with a rise in the cost of labour, 
stimulated the use of labour-saving appliances and the production 
of larger acreage yields ; and the open field system of scattered 
lioldings with its bad cultivation which resulted therefrom gave way 
^lo^vly before economic pressure. In England the leading “ gentle- 
men farmers were the first to adopt the more intensive methods of 
iaiiuing demanded by the times. Holdings were consolidated and 
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fenced, and the cultivation of turnips, clover and other new crops 
which w^ere to revolutionize farming was taken up on a large scale. 
There was as yet no science of agriculture wliich could be applied 
to the solution of its manifold problems. Men like Jethro Tull, 
Bekewell, Lord Townsend and Young, though not themselves 
scientists in our sense of the term, possessed the scientific habit of 
mind w^hich they brought to bear on the agricultural problems of 
the day, and thus prepared the way for scientists who about ih 
middle of the nineteentli century did so much for the development 
of English agricultiue. As a result of the war of 1914-18 scieiitifio 
enquiry in aU brandies of agriculture has been stimulated afresh in 
England, iStatesmen and the public generally now realize the 
paramount importance of scientific investigation and of providing 
for the endowTnent of work connected with the development of 
agriculture on a scale commensurate with its gieat impoitance. 
They see, as they never did before, that the countries whicli have 
made the greatest progress and which obtain from the soil the 
highest return are those which have developed their rcseaiHi 
institutions. 

An economic revolution. 

The introduction of improved implements' and machinery, 
of better seed and cattle and of manures and crop rotations which 
followed in the wake of scientific investigation revolutionized agricul- 
ture in the West, and has in about a century and a half enabled the 
English farmer to double the outturn of his crops, to drain and 
bring under cultivation large areas of waste land, to improve hi^ 
methods of cultivation generally, and to make much larger profits. 
The increased prcducti^Tness of the land effected was all in the 
interests not only of the cultivator, but of the average citizeii. 
helping as it did to keep down the cost of living at a time when our 
population was fast increasing. It was in the interests of the nation, 
too, in enabling it to hold its position in the markets of the woild; 
but for the development of agriculture it wxuld have been impossible 
for England to feed the hundreds of thousands of urban workers 
employed in her factories, and she could never have developed her 
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great manufacturing industries. If India desires to develop her 
main industry — agriculture— it can be done in the same way as it has 
been and still is being done in England and other advanced countries, 
namely, by employing highly qualified investigators to show the 
way, and by disseminating the results of their work among the 
cultivators. 

History repeats itself ; the economic conditions which obtain 
in India to-day resemble in many respects those which led to the 
development of more intensive farming in England in the eighteenth 
century. The price of farm produce has risen ^'ery much : indus- 
tries other than agriculture are drawing labourers from rural to 
manufacturing centres, and there has been a general rise in wages. 
If he is to take full advantage of the new situation thus created, the 
landholder in this country will have to follow the example of the 
English farmer by adopting moie intensive methods of cultivation 
involving the use of labour-saving niachinery, of manures, and of 
better methods of cultivation generally. There are many indica- 
tions that he is beginning to do so, the pity is that he is not as yet 
sufficiently well educated to take much part in moulding the policv 
of his Government. Iti.s suppo.«!ed views are generally represented 
by men who live in towns and who are not practical agriculturists. 
This class of ■ politician lias within the last two years somewhat 
weakened the driving power of the Executive Government and 
progress is thereby being retarded. 

The landholder in this, country unlike the English farmer 
of a century and a half ago, is in the fortunate position of having 
at his back a body of agricultural scientists who have, by research 
and experiment, produced results whicli should be of the greatest 
value if applied. Much has already been done to improve the cattle 
and tlie staple crops of the country by selection and hybridiza- 
tion, and the financial results therefrom have been most striking. 
To take but one example, namely cotton, the area now being sown 
m India every year with improved ’sarieties probably exceeds 
2,000,000 acres, and the increased profits therefrom, calculated on 
tie basis of an increase of Rs. 10 per acre, must be somewhere 
in the neighbourhood of two crores of rupees annually- There 
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is no reason, however, why the increased profit on the cultivation 
of this crop should not be raised to twenty- three crores of rupees a 
year ; for the total area under cotton is over 23,000,000 acres. In 
one province alone, namely, the Central Provinces, tlie introduction 
of a selected cotton is reckoned to have increased the annual value 
of the cotton crop by at least 70 lakhs of rupees which covers the 
annual expenditure on the working of the Department of Agricul- 
ture seven times over. For the improvement of other important 
crops, such as rice, wheat, juar (S(yt'ghu7n vulgare), oil seeds and jute, 
there is also great scope for improvement, and much has already 
been done in that direction. It is no exeggei'ation to say that the 
value of crops in this country could be increased by hundreds of 
crores, by merely substituting improved strains of seed foi’ the 
inferior low-yielding varieties at present grown. 

CATTLE-BREEDIXi;. 

In India where the bullock is the diu light animal in common 
use and where milk products are common articles in the dietary 
of the people, cattle-breeding is of enormous importance. Poor 
draught cattle result in bad cultivation ; bad cultivation results 
in poor outturns of grain for the cultivator and of fodder for liis 
cattle ; this again results in an impoverished cultivator and in weak 
and therefore inefficient draught bullocks. How to break this 
vicious circle is one of the most difficult problems facing the scientific 
investigator and Indian farmer to-day ; for the standard of cultiva- 
tion possible is largely dependent on the quality of the draught 
bullocks available. The introduction of improved implements on a 
large scale would be practicable if there were bullocks sufficiently 
strong to work them. The position, however, is by no means 
hopeless. Cattle in India to-day are probably but little, if any, 
inferior to those which were found in England in the middle of the 
eighteenth century. By better breeding and feeding English breeds 
have since that time been improved out of all resemblance to their 
progenitors. The improved breeds evolved have gained a world- 
wide fame, and England has become the world^s principal stid 
farm. In the middle of the eighteenth century we read that co^^s 
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in England were such poor milkers that they did not produce enough 
milk to feed their calves, and that an average cow could be purchased 
for £3 or Rs. 45 in Indian money. By selection and cross-breeding, 
cows of some of our English breeds now yield 40 seers of milk daily 
and are worth at least Rs. 760. Most cows of Indian breeds are 
such poor milkers that it does not pay to keep them for dairy 
purposes ; the average cow when in full milk seldom gives more 
than 6 lb. of milk per day. By selection and crossing the quality 
of breeds both for milk and draught purposes has, on Government 
farms, been greatly improved, and what is being done to-day on 
Government farms will be done in 20 years or less by enterprising 
cattle-owners in this comitry. A herd of Montgomery cows on the 
farm of the Pusa Research Institute has within 10 years been 
improved to such an extent by selection tJiat their average daily 
milk yield per cow has increased from 5| to 9 lb, per day, including 
diy periods during which no milk was given. This improvement 
should add at least 40 rupees to the value of each animal : but the 
improvement effected by cross-breeding is still more striking, the 
average yield from the Pusa Ayrshire-Montgomery crosses on the 
same basis of calculation being 15 lb. per day. The improvement 
effected on some of the breeding farms managed by Provincial 
Governments wliere draught breeds are kept is also worthy of note. 
The animals bred thereon are much larger and stronger than those 
reared in villages under existing conditions, and they are probably 
worth at least Rs. 40 more per liead. Taking into account the 
fact that there are about 14-| crores of animals in India, it is evident 
that there is enormous scope for adding to their value by better 
breeding and feeding. 

Agricultural implements. 

The Indian cultivator is working at a great disadvantage owing 
to the inefficiency of his agricultural apphances. His tillage imple- 
ments are so light and small that they do not kill out weeds efiec- 
tively ; nor can they be used for ploughing under weeds and other 
forms of leaf manure when that is necessary. Of all the implements 
m common use in India the country plough or as it is commonly 
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called, is perhaps the most inefficient. It may be described as a 
piece of wood shod with an iron point which constitutes the shaie, 

It is fitted with a wooden pole and is usually drawn by one pair ol 
bullocks. Having no breast it stirs the soil without inverting it. 
and having no cutting parts it does not eradicate weeds. The argu. 
ment advanced against the introduction of iron ploughs and other 
improved implements is that they are generally heavier to pull than 
those in common use, and are not, therefore, suitable for the draught 
cattle of this country. The improved implements are, however, 
appreciablv lighter in draught as a rule than those which they are 
replacing. The M. S. N. plough so popular in rice tracts weighs 
34 lb. and can be drawn by a pair of very small bullocks. 

Ploughs of the Eajah and Punjab types which have found 
favour in the Gangetic valley are not too heavy for one pair of 
ordinary bullocks. 

In black cotton soil tracts, improved iron ploughs have become 
very popular ; thousands are now being sold there every year and 
some cultivators liave of late years taken to the system of plougliing 
land on hire with Turn wrest ploughs after completing their work on 
their own farms. Another plough, which has done exceptionally well 
in this tract, is the Babul which is specially suitable for ploughing 
cotton land in the dry season. An important feature of the Sabul 
plough is that it is equipped with a share having a renewable and 
adjuvstable bar point made from a specially prepared high carbon 
steel. The plough weighs 145 lb. and does better work when drawn 
by two pairs of bullocks than the heavy d^si plough which requires 
three pairs. 

Landholders are beginning to realize that it pays to eradicate 
from their fields perennial weeds such as duh (Cynodon dactyhn) and 
kunda (Androfogon punctatym) which in badly tilled fields compete 
year after year with their staple crops for the limited amount ol 
moisture and plant food available in the soil. The loss in yield clue 
to the growth of weeds in cultivated fields must in the aggregate be 
colossal, more especially in tracts where kharif crops are mainly 
grown. But even in rati tracts, where wheat and gram are the 
principal staples, the loss in yield every year due to the low standard 
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of cultivation and to the perennial crop of weeds resulting therefrom 
is enormous. Karis grass {Sdccharum one of the 

most obnoxious of these weeds, has got thoroughly established over 
large areas in Central India, the Central Provinces and Bundelkhand 
in the United Provinces, This weed has a stoloniferous root which 
branches freely at a depth of about 7 or 8 inches from the surface. 
It is found in the best wheat soils which retain moisture in the hot 
weather and many hundreds of thousands of acres of such land 
have gone out of cultivation in consequence. Much of this area has 
lain fallow since the famines of 1896 and 1900 ; but in addition 
to this fallow area, there are many hundreds of thousands of 
acres in which leans competes year after } ear with the wheat, gram 
and other rahi crops grown, the yields of wliich are thereby greatly 
reduced. After each famine the draught power of the village 
is reduced, for many bullocks die of partial starvation and the 
strength of the remainder is reduced owing to the same cause. For 
want of sufficient bullock power the weed gets the upper hand and 
the land is allowed to lie fallow thereafter. Such is the fate of the 
patient plodding tiller of the soil in India to-da}’ wliere the bullock 
supplies the motive power. In a famine year unfortunate!}" the 
quantity of food by the bullock required to produce the energy 
needed is not forthcoming. The Settlement Officer of Saugor 
District in tlie north of the Central Provinces says that the area 
under kans in that district alone amounted in 1916 to about 180,000 
acres or 15 per cent, of the cropped area. We may take it that 
landholders in kans-iniested tracts are losing at least Rs, 30 an acre 
annually by allowing any such land to lie fallow. 

Tackling the weeds. 

To reclaim kans land by means of the ordinary implements used 
in the villages is almost impossible, except when the weed is tackled 
ui its early stages by more or less continuous ploughing, and even 
then it is extremely difficult to accomplislr. Small areas of kans 
have been eradicated by means of both the Sabul and the Turn- 
^Test ploughs worked to a depth of 7 or 8 inches. With the inferioi* 
bullocks available in the wheat tract it is difficult, however, for 
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the ordinary ciJtivator to use these ploughs in the dry weather when 
the soil is dry and hard ; and kam cannot be killed by ploughing 
during the rains. The introduction of the motor tractor may 
perhaps solve the difficulty. The cost per acre of ploughing eleaij 
land with tractors is about Rs. 20, ijicluding interest and deprecia* 
tion : in stiff soil badly infested with kam the indications are that 
the cost will be about Rs. 30. But even at Rs, 30 it will pay the 
owner very handsomely to have such land brought under cultiva^ 
tion, seeing that one crop should about cover the cost of reclamatioD. 
Wlien tractors are used, the land can be ploughed in the dry weather 
in which case the roots of the weed are killed by being exposed to the 
sun and dry air. 

From experiments already earned out it would appear that 
over 90 per cent, of the roots are killed by one ploughing. Enter- 
prising landholders at times eradicate small areas of kans by manual 
labour, in which case the cost of hand digging amounts to Rs. 80 
an acre. In a test carried out on the College Farm, Nagpur, it was 
found that when employed for eradicating kuns a tractor did as 
much w'ork per day as 16 pairs of bullocks, and as much as 288 men 
when employed in removing the roots by digging. 

On the strength of information obtained from these and other 
experiments, the Grovernment of the Central Provinces has agreed 
to give loans under the Land Improvement Loans Act to cultivators 
desirous of eradicating kam and other perennial weeds from their 
fields, and the Department of Agriculture is now working tractors 
lent by an enterprising Bombay firm ploughing weedy land for 
cultivators at a fixed acreage rate. Syndicates or private firms will, 
it is hoped, take up this important line of work in course of tiiue, 
It requires no great stretch of imagination to understand the 
potential value of mechanical power if used for converting such 
fallow^ areas into productive land. 

Use of tractors. 

There is a good deal of controversy as to the respective me i its 
of steam cable sets and motor tractors. Into this controversy 1 
do not wish to enter ; suffice it to say that the former would probabl) 
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prove the more efficient for work in the /:an^-infested areas already 
refeired to. Their initial cost is, on the other hand, so high that 
tlierc is little chance of their being tested by Government in these 
days of financial stringency. The tractor is being tried because 
it is much less costly : it can, moreover, be used with advantage 
not only for ploughing and cidtivating land, but for driving stationary 
machines such as cotton gins, pumps, flour mills and fodder cutters. 
As at present designed, the tractors tried are not sufficiently strong 
and fool-proof for Indian conditions, and much difficulty has been 
experienced in some provinces in keeping them in good running 
order. Workshops where repairs can be executed are few and wery 
far between, and all the agents in this country have not yet realized 
the paramount importance of keeping a large supply of spares in 
stock. Still the fact remains that under specific conditions and 
\vith intelligent use tlie tractor is a farm-power unit of great 
possibilities in tracts where tlie draught pow^er at present available 
is inadequate. Tliere are on tJie market at the present time 
more than 50 makes of tractors varying to some extent in type. 
They may be roughly classified as wdieeled types and caterpillar 
types. 

Tractors of the caterpillaj* t} pe are w ell suited for after-cultiva- 
tion w'ork ; their’ weight is distributed over a much larger area tliaii 
that of wheeled tractors, and they do not therefore pack the soil so 
much. The}^ can for the same reason be worked on land w'hich is 
too wet for wdreeled tractors. Anotlier advantage claimed for 
this type is that tliey are very suitable for work in small fields as 
they can be turned in a small space. For ploughing hard land tliere 
is little to choose between the two types ; but it may be claimed 
for the wheeled types that there are no tracks to be renewed every 
second year or so, and that the cost of upkeep is, therefore, less. 
For stationary w-ork botli kinds are equally suitable. Both types 
suffer in the hands of careless drivers from over-lieating and many 
break-downs are due to this cause alone ; for it is extremely difficult 
at present to get in this country properly trained mechanics, and 
fo put a tractor in the hands of a man of the cooly class, even after 
be has been trained to drive it, is to court disaster. This and other 
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difficulties will, however, gradually disappear with the advent of 
facilities for training mechanics. 

The improvement of draught cattle, the introduction of better 
implements and the use of mechanical power will ejiable the cnlti- 
vator to perform his tillage operation under optimum conditions ; 
poor yields are often due in no small measure to the land being 
ploughed badly or too late. The wheat grower, for example, who 
harvests his crop in March spends weeks in treading out the grain 
under the feet of his bullocks and in separating it from the chaff. 
Given a good threshing machine and wimmwer, this work could be 
done in as many days. So much time is spent over each operation 
at present that ploughing for the next crop has often to be put off 
till the rains. Over a greater part of the wheat tract, the monsoon 
breaks about the middle of June, and in years of heavy and conti- 
nuous rainfall the breaks are so short that the area ploughed before 
the close of the monsoon is small. With the abrupt cessation of the 
monsoon, the soil rapidly dries and becomes too liard for ploughing 
with the country plough. The seed has thus to be sown in a badly 
prepared seed-bed. Ploughing with improved ploughs in the hot 
weather has, in some parts of India, increased the yield very 
largely. Land ploughed before the rains break absorbs mucii more 
of the rainfall than unploughed land. Ploughing provides for the 
better aeration of the soil, too, and thereby stimulates bacterial 
action in the formation of nitrates. Ploughing thus done under 
optimum conditions provides for the succeeding rahi crop a store of 
moisture and nitrogen. 

Demand for improved implements. 

The introduction of improved tillage implements has opened 
up a vista of great possibilities for the agriculture of this country. 
The efficiency of these implements is largely due to iheir having 
been designed by the trained engineers of certain firms working in 
collaboration with agricultural experts in India. Many of the 
improved ploughs thus introduced have met a felt want. Machines 
for harvesting crops, for cleaning grain and for chopping fodder 
have yet to be. evolved, A reaping machine suited for cutting jwfl/ 
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ffoul'i be a boon ; such a reaper should be high-geared and should 
liave short cut of from three to four feet. The fingers of the 
knife bar and the knife itself should be strong and the sheaf board 
long enough to support the stalks which are usually six or seven 
feet long and about three-quarters of an inch in diameter. For 
wheat mowers there is already a small demand which is likely to 
increase, as the cost of labour, more especially at harvest time, is 
rising. 

For fodder cutters a fair demand already exists. In jmr^ 
growing tracts about one-fiftb of the stalk is wasted when fed whole 
to cattle, as they refuse to eat the coarse ends unless they are cut 
into small pieces. The high price of these machines prevents all 
but well-to-do cultivators from buying them. 

For winnowers, too, a demand already exists ; but the prices 
charged for imported machines are so high that cultivators cannot 
afford to purchase them. Tlie winnowers made in India by village 
carpenters are less expensive, but at the same time less durable. 
The sale of these inferior countiy-niade imitations of imported 
machines is no doubt detrimental to the trade in agricultural machi- 
nery generally ; but the solution of the difficulty is in the hands of 
the big manufacturer. To create a demand, they must be prepared 
to supply India with her requirements at reasonable prices. 

The method in vogue in India of treading out the corn with 
the muzzled ox is a slow and primitive process. The need of 
improved machinery is becoming more evident every year. Thresh- 
ers driven by oil engines are now being used on Government 
farius and will no doubt find favour among cultivators in 
course of time. One objection to tlieir use is that they do not 
break up the straw into small pieces. This objection, however, is 
not a very serious one, perhaps, seeing that this can be done later 
by means of a separate fodder cutter. 

The demand for improved iron cane mills of the three-roller 
lypo and capable of being worked by a pair of bullocks is very great. 
Most of these bullock-driven mills give about 10 per cent, more 
inicc than the desi mill which they are fast replacing. Their intro- 
duction must be adding lakhs of rupees every year to the profits 

5 
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of cane cultivation in India ; for tliere are now hundreds of thou- 
sands of them in use. It is a pity that no firm in England has 
specialized in the manufacture of bullock-driven cane mills ; iur the 
workmanship of those turned out in India is generally poor. The 
mills turned out by the Nahan foundry in the Punjab are an excep. 
tion to the rule, and the demand for the mills made tliere exceed;^ 
the supply. A small all-iron cane mill capable of crushing half a 
ton of cane per day when worked by a pair of bullocks would find 
.a ready market in this country if offered for sale at Rs. 200 or ]m. 

Fencing against animals. 

Wild and domesticated animals do a great deal of daniage 
to crops in India. Wire fencing is used on a small scale only, and 
the result is that stray cattle in the villages as well as antelope, 
wild pigs, jackals, etc., rob the cultivator of the fruits of his labour. 
Of the 'wild animals to be considered in tliis case, the wild pig 
perhaps the most destructive. Being a noctuinal feeder lie lie^ 
hidden during the day in the jungle or giuss-covered wastes whicl: 
are often many miles from the crops, on which he feeds. TIk 
cultivator sometimes constructs a fence of thorns or bamboos roiiuc 
tbe field he wishes to protect, but as all such fences are more oi 
less inefficient, it is customary for him to keep also a watcher in ih 
fenced fields at night. The vild yells of this watcher on the approacl 
of '' gnmters ” are generally sufficient to scare them away ; but 
at times, Homer-like he nods and the pigs break in and steal, h 
tbe morning the owner of the field finds that his crop has been 
very materially damaged and his profits for the year thereby reduced. 
Patent pig-proof woven wire fencing has been introduced in some 
|)rovinces with good results. The demand for this type of feining 
wire is likely to increase very largely. 

The whole field of Indian agriculture still bristles with unsolved 
problems ; but in a short article it is possible to deal only with a few 
of the outstanding ones. The activities of Provincial Departments 
of Agriculture extend over a wide field and improvements are 
being introduced which are both adding to the w^ealth of the cidti' 
vator and fitting him for further progress. The great task of 
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recoii'-'f I’ nation is W6ll i\orth all the braiws and energy wliich can be 
put into it ; for on the development of agriculture depends not only 
the prosperity of India s many nu'llions of agriculturists, but to a 
great extent the lot of those engaged in other industries, too. 
Increased crop production will help to banish famine and poverty 
from the land and to bring ns nearer the realization of our desire, 
namely, to make India ‘ a garden ringing with cheerful and 
jontented life, with smiling fields and inoA in ninntv ” 



METHODS ADOPTED IN AUSTHALIA FOR DlSINbMOTLXU 
COTTON-SEED.* 


For some time past the Victorian Department of Agriculture, 
acting through the Government Plant Pathologist, Mr. C. C. Brittle- 
bank, and Mr. D. B. Adam, B.Ag.Sc., has been engaged upon « 
series of experiments, having for their object the cleansirig o{ 
cotton-seed from parasitic attachments tending to promote disease, 
In this country, where a resolute endeavour is now being made for 
the cultivation of cotton on a commercial scale, it is t]i ought to be 
of the greatest importance to prevent the planting of contaminated 
seed in order to ensure healthy and profitable stock. Doubtless the 
effort is beset with much difficulty. Whereas in the laboratorv 
it may be comparatively easy to strip the seed operated on from 
every trace of infection, to do so on the bulk of seed used in the 
ordinary process of cotton planting would be a troublesome and 
expensive task. From the report of Messrs. Britt lebank and Adam 
the following statement is taken. 

The cotton plant, Gossyj)ium sp., is liable to a variety of diseases. 
Some are caused by fungi, the spores of which are carried on the 
lint remaining on the seed after ginning. Black rot, or cotton 
wilt, caused by the fungu>i Fxisarium vasinfectum E. F. S, and 
anthracnose of the boll and stem caused by the fungus Glmmlk 
gossypii Edg. are examples of two serious diseases which are spread 
by this method. Neither of these diseases has been reported as 
occurring in Australia. There, however, is a possibility of their 
being found in Queensland, where cotton has been grown for about 
50 years. As no effort to prevent the introduction of disease in the 
original seed samples was made, that State must be considered a 
possible source of infection. All seed brought from there should, 


^Rejwinted from Tex, Recorder, XLI, No. 480. 
/ 17a \ 
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therefore, be subjected to the same disinfection and treatment as 
any imported from overseas. On account of the dryness of the 
adhering lint, it is difficult to effectively soak the usual sample of 
cotton-seed in any disinfectant. It is necessary to remove the lint. 
The concentrated sulphuric acid method of treatment is an efficient 
and cheap way of delinting cotton-seed. The seed is placed in a 
wooden or earthenware vessel, and then covered vdth commercial 
sulphuric acid for from ten to fifteen minutes, being stirred con- 
stantly with a wooden ladle. The seed can be removed in an 
earthenware vessel witli a sieve bottom. The same sulphuric acid 
may be used for treating several lots of seeds. The treated seed is 
then washed in running water for 20 minutes and allowed to drain. 
For complete disinfection the seeds may afterwards be placed in 
corrosive sublimate (1 — 1,000) for 15 minutes, and at the end 
of that time allowed to dry. Experiments in the use of this 
process have been made in the laboratory of the Department of 
Agriculture in Victoria. Some liave been designed to test the 
^ effect of the treatment on the germination of the seed and the 
condition of the young plants. Other experiments have been 
carried out to test the effect of immersion in sulphuric acid for 
varying periods of time. 

The effect on cerminatiox. 

Two samples of 100 seeds each ^Yere taken. One was treated 
for 15 mimites with sulphuric acid and then washed for 20 minutes 
and germinated. The otlier sample was not treated. Of the 
treated seed 88 per cent, has germinated in three days, and in four 
days 93 per cent., w^hich was tlie total germination. The growth 
was clean and vigorous. Of the untreated seed 86 per cent, 
genninated in four days, and 90 per cent, in sLx days, w'hich also 
was the total germination. The growth of these plants was not as 
vigorous as that of those from the treated seed. Many treated seeds 
were grown in pots. Of the plants to be used for inoculation experi- 
inents none failed to germinate ; all gave clean, healthy, vigorous 
plants. Some of the plants grown from untreated seed were sickly 
f>nd apparently affected with disease. A suspension obtained by 
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soaking untreated seed was used to inoculate agar plates. Among 
the numerous fungi found, a Fmatium was isolated. This was used 
for inoculation experiments with results, details of which are given 
below 

(а) Some clean cotton-seeds were planted. Eleven days after 
they showed above ground, they were infected with spores froui an 
agar culture placed on the soil around each plant. In four days 
all the plants were affected. 

(б) Soil was sterilized in an autoclave at 110°C. for two Ihuijs. 
Cotton-seed was treated with sulphuric acid for lo minutes, washod 
for 20 minutes, and sown in four pots with this sterilized soil, hive 
seeds were sown in each pot. 


Treatment 


(a) 1. Seeds infected from cult im 


(6) 3. Seeds infecte<i with spores 

4. 


Xu 111 her 
germinating 


Ukmarks 


Spores formed on piintan 
leaves. 


The exact species of Fmarimn has not been definitely fixed. 
In acute cases it has entirely prevented the germination of the 
seed. 


The effect of varying the time of immersion 
IN sulphuric acid. 

Small bottles, each containing 100 seeds with sufficient sulplidrn 
acid to cover them, were used. After the period of immersion aiic 
washing, the seeds were placed in damp blotting papei’ anc 
incubated at 75®F. The first examination took place four day 
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after\v<irds, the final examination two days later with the following 

result’ ; ■ 


Time "f inuneitiion 

Tii-st 

genniiiation 

Pinal 

germination 

lli^ MARKS 

Minutes 

Percentage 

Percentage 


(1 

8(; 

00 


15 

88 

93 

I 

i 

:>( 1 

80 

90 



25 

84 

87 



;5(i 

'42 

94 



35 

SO 

85 


The j)lants were moie 





vigorous and cleaner 

4(1 

S4 


' than tliopc from 

45 

02 

95 


untreated s<.“ed. 


83 

8li 



W 

!U 

93 



lUu 

Ss 

8<) 



!tn 

oo 

94 




From thi.s table it may be seen that prolonged immersion of 
four hours did not afi'eet the germinating capacity. Some seedlings 
from treated seed liavo been grown in pots and have given perfectly 
healthy plants and bolls. To test wliether seeds could be killed 
^vitli sulplmric acid, some seeds were left in concentrated acid for 
twenty and h>rty liours respectively, and afterwards washed, 
terminations of 91 and even 92 per cent. Avcrc obtaiiied. AVith the 
former, a good (dean, healthy gnwvth resulted. In the second case, 
‘uany of the young plants were malformed. The sul^dniric acid had 
'leeomposed the pericarp, and had begun to attack the cotyledons, 
or subsequent primary leaves. 

It is doubtful whether an^' of these plants w*ould have growTi 
'iiucli further than the seedling stage. From the data given, there 
to be little danger from too long immersion within reasonable 
luiits. It was thought to be advisable to test the effect of ti-eating 
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seed with sulphuiic acid for varying periods, then washing, drying, 
and allowing to stand for a week, and this was done. The results 
obtained are given below. Seeds germinated at 75°F. 


Time imm'ei-Bccl , 

Germinatjoii 

Minutes 

Percentage 

15 

' 94 

30 

92 

45 . . 

94 

tiO 


Check 

90 


This shows that a delay of one week after immersion and 
before planting has no effect on germination. WJien sulphuric acid 
and water are mixed great lieat is rapidly de\ eloped. Under some 
conditions this may do so witli explosive activity, hence sulphuiic 
acid must always be used \\ith care. After treatment with sulphuric 
acid and subsequent draining, the seed should be placed in a large 
volume of running water. An experiment was (conducted by adding 
a small quantity of water to treated seed ; the temperature rose to 
180°F., but with the addition of more water it soon fell. Subsequent 
experiments showed tliat seed held iji hot water at 180°F. for five 
minutes failed absolutely to germinate. At 160^F. for five niinute.s 
of two samples, 46 and 41 per cent., respectively, germinated. 
The necessity for care in handling sulphuric acid cannot be too 
strongly impressed upon those unacquainted with its strength. If 
it comes in contact with the hands it will burn them, and ^iiy 
splashed on clothes will damage them. 

Summary. 

(1) The spores of many serious diseases are borne in the lint 
attached to the seed. 

(2) The lint is most conveniently removed by sulphuric at i<l' 
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(3) TliG iiGCGssity for troRtnisiit of all imported samples is 
shown by the isolation of a pathogenic FusaHuififi from an imported 
cottou>seed sample. Its pathogenicity lias been demonstrated, 

(4) Immersion up to four hours has no effect on the capability 
of the seed to germinate. 

(5) Finally, the seed after immersion in sulphuric acid should 
be washed in a large volume of running water. 

The report of the Govei-nment pathologist and his collaborator 
ends at this point. 

One of the most striking exhibitions seen during the course 
of these experiments was the strong vitality of cotton-seed under 
circumstances tliat might have been presumed to be completely 
destructive. On the other hand, it was proved that the seed is verv 
sensitive to a comparatively small increase of temperature and is 
injured by it, 

l.he purification of cotton-seed as a provision against the 
spread of disease is unquestionably a work of necessity and import- 
ance, and to cany it out on a scale commensurate with the planting 
of large areas seems to invite the attention of the mechanical 
engineer in co-operation with the chemist and pathologist. 



THE IRRIGATION OE THE SUGARCANE IN HAWAII.* 

Irrigation in tlie sugarcane fields in the Hawaiian Islands 
not confined to those parts on the westen\ side where the rainfaO 
is insufficient for the growtli of tlie (‘ane to maturity, but extends 
throughout the planted area, especially in Kauai, Oahu and Maui. 
Although the local practice of irrigation has turned out to be a very 
costly pi'oceeding when compared with that in other parts of tlie 
world, it is found to be a very paying proposition, and the planta- 
tions are not only concerned with the tapping of rivers and the 
storage of tlie rainfall and bringing these supplies on to their fields, 
but this supply is supplemented by immense pumping plants hv 
which the underground water supplies are brought to the surface 
and sinularly utilized. And so convinced are the planters of the 
profitableness of this line of development that, besides the invest- 
ment of large sums of money in canals and pumps, tlie labour 
allocated to the leading of the water on to the fields has become the 
dominant item in the balance sheet of those estates which use this 
means of increasing their outturn of sugar. In addition to all this, 
they are spending large sums of money on reafforestation, in order 
to keep up the supplies of soil water and to utilize to the best 
advantage the natural rainfall of these favoured islands. 

A full study of ilie whole subject has been made by W. P. 
Alexander and is presented in a thesis in partial fulfilment of the 
requirements for the degree of jMaster of Science in the University 
of Hawaii/' and this has now been published by the Hawaiian Sugcir 
Planters’ Association in pamphlet form.^ This pamphlet deals with 
the whole accumulated literature of tlie subject (73 papers) and is 
compressed into 109 pages, with 63 illusti'ations and numerous 
tables. As the author has himself done much useful research on 
the subject and leaves no part of the field untouched, the paper is 


♦ ReprinUid from Int. Sug. Jour., XXV, pp. 401-408. 

^ “ The Irrigation of Sugarcane in Hawaii.” Experiment Station of the Hawaiiwi 
Planters’ Association,. Honolulu, 1023. 

( 184 ) 



THE IRKIGATION OP THE SUGARCANE IN HAW AH 


185 


an oxtremely valuable one. It is well and clearly written, although 
in parts the desire for compression has made it a little 
difiicult to follow, and one would in some places have wished 
for a more generous treatment as regards explanatory remarks. 

'riic thesis commences with a brief introduction of a general 
1111(1 historical character (10 pages), and this is followed by a 
detailed review of irrigation practices, continuing with suirmiaries 
of the various lines of research which have been followed by the 
different workers in the field from the commencement, and con- 
cluding with a detailed local bibliography of the subject. To 
give an idea of the treatment and the relative development of the 
different sections, these are given below with the number of pages 
in brackets devoted to each : After the introduction follows a brief 
statement of the standard metliod of distribution of water in the 
held (2), and an important discussion of the application of water, 
including the most recent ^■aJ■iations from this method (33). Then 
tlie following are dealt \N‘ith in briefer suimnaries : Duty of water 
(5)j Conservation of water (13), Soil moisture studies (6), Economical 
distribution and optimum applicatiem (9), Time clement in irrigation 
practice (7), Saline irrigation (2), and Application of fertilizer in 
irrigation water (2). Owing to the great mass of material brought 
together, it is somewhat difficailt to review the paper, but tlie present 
article endeavours to lav out before our readers tlie salient features 
of this great problem, and tliis is to a certain extent rendered more 
easy by the recent publication in this Journal of a description of the 
more recent adx ances in economizing the labour involved. 

For the production of prolitable crops of sugarcane, over 
oU per cent, of the fields in the Hawaiian Islands are almost entirely 
dependent on irrigation, and the tonnage from this proportion of the 
area under (‘ane exceeds two-thirds of the total sugar output. 
Tliis will be readily understood from the subjoined figures of the 
inigated and unirri gated areas under cane in the four sugarcane 
growing Lslands. In Kauai 40,036 acres are devoted to sugarcane 
cultivation, 95 '66 per cent, of which are irrigated : the figures for 


»i»t. SuQ. Jow., XXV, pp, 180>lSi. 
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Oahu are 40,352 and 98’25, and for Maui 50,906 and 89*52 ; while, 
on the other hand, there are 93,126 acres of cane land in Hawaii, 
only 6 '97 per cent, of which are dependent on artificial watering. 

IiTigation lias been used in the local sugar industiy from it.s 
start. The first project was carried out in Maui in 1878, when water 
was diverted from the rainy eastern slopes seventeen miles across 
to the arid western 'side : this was completed at a cost of §80,000, 
It was immediately followed by a large project carried out by the 
Hawaiian Conmiercial and Sugar Company for the irrigation of tlio 
central Maui plains, and from this beginning an irrigation system 
has developed which has cost some §4,000,000, the latest addition 
being the great Wailoa ditch delivering 140 millions of gallons at 
an elevation of 1,100 ft. and costing §1,500,000; this aqueduct 
the author regards as the largest in the world. An enumeration 
follows of the chief projects for the storage and delivery of rainfall 
water on similar lines throughout the islands, mountains being 
tunnelled, valleys bridged and syphons erected for the negotiating 
of the irregularities of the mountainous countiy to be traversed. 
Besides these projects, steps have been taken to tap nndergi’ound 
water supplies which would otherwise be wusted, and a number of 
immense pumping stations have been installed, the machineiy alone 
of which has cost some §6,000,000. The electrification of tlir 
latter has recently been undertaken as it has been proved to be by 
far the most economical method of lifting the w^ater. Altogether, 
the 24 plantations on which irrigation is employed ha\’e invested 
something like §17,000,000, while close on 100,000 acres of forest 
land are owmed and set apait; foi‘ the conservation of the ^vater 
supplies. 

It is estimated that in Oahu 2,500 millions of gallons of water 
are pumped every month from artesian sources for the sugar 
plantations. For the maintenance of this supply, assuming that 
there are 300 days in the year used for pumping, it is necessary 
for 25,000 millions of gallons to enter the underground system 
every year. The proportion of watershed is considered to b<‘ 
twice that of the cane area served, and thus 100 inches of rainfall a 
year must find its way from the forests into the subsoil. Tb^' 
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con i^i'vatdon and replanting of the remnant of the natural forests 
of the islands, which have been deplorably devastated for many 
yea'C' past, has thus become a matter of supreme importance to 
the plaiitei-s, and is, hi fact, receiving marked attention from the 
Hawaiian Sugar Planters’ Association, which is working hand in 
hand mth the Govenmient and the individual plantei-s themselves. 

The cost of irrigation per acre and per ton of sugar is set forth 
for the crop of 1914 in a table, in which the averages work out as 
follows: cost per acre $67 ’91, per ton cane Si *42, percentage of 
labour employed on irrigation to total labour in getting the crop to 
the mill 62*97. These figures are then compared with those obtained 
fioni Porto Rico and Cuba, altliough irrigation in the latter island 
is to be regarded as in a purely experimental ?<tage. Jii 18 Porto 
Rican plantations the cast of irrigation \^r acre is gi^ e]l as Si 5 *70 
and that per ton of cane 80*63, while the figures for the four Cuban 
estates are $2*18 and $0*08 respectively. From t}ies 3 details it is 
obvious that in Hawaii the profitable production of sugar is sub- 
ordinated to the intelligent use of imgation. With this idea in his 
iniiid, the author of the thesis aims at a stimulation of research in 
tliis direction and devotes his attention chiefly to the means by 
which the heavy costs of applying the water to the fields mav be 
reduced to a minimum. 

The standard irrigation practice in Hawaii is concisely described 
by means of a diagram here reproduced (Fig. 1). The elements 
thereof, once the water has been brought to the plantation, consist 
of a series of water cJiannels of different ( alibre and arrangement. 
These are, in succession, as follows : main supply ditches, rumiing 
along the higher contour lines and therefore more or less level; 
straight ditches more or less at right angles to ti.eiu, that is, running 
down the slope ; level ditches again running along the contour lines 
and 200-300 ft. apart ; watercourses, small improvised channels 
down the slope leading the water to the furrows, the latter hung 
niore or less across the slope of the land, 30 to 35 ft, long and about 
5 ft. apart. The adaptability of this scheme to all kinds of topo- 
graphy has made its practice abnost universal. But, as will be seen, 
there are numerous small deviations according to the conditions, 
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The method of supptying tlie water does not gi^eatly v^uy, 
but the actual practice depends on a great number of special local 



Fia. 1. Diagram of the Hawaiian furrow system. 

circumstances. Such are the nature of tlie supply,- whether steady 
or fluctuating, and its sufficiency for maintaining the supply all 
the year round j the occurrence of freshets witli only a limited water 
storage capacity ; whether the cost of pumping as supplemental 
is foimd to be profitable ; the necessity of over-irrigation because 
of salinity j the labour available and its skill and the nature of the 
super\dsion required ; the texture of the soil, whether light or heavy, 
rocky or smooth ; the presence of coral below, retention of moisture 
and drainage facility; the condition of the field, whether the fuiTOws 
are shallow or deep, and the condition of the watercourses ; the slope 
and regularity of the contour ; the kind of cane grown, its hal'it, 
whether erect or reciunbent, light or heavy yielding, the amount 
of trash produced, whether plant cane or ratoons, hilled or unhillc<l ; 
the periods of irrigation and the relation of these to weeds, tlie 
possibility of applying fertilizers in the irrigation water, and so fonli. 
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in the standard practice every row is irrigated i^parately from 
one >ide ^ watercourse (Fig. 2), and this is considered tlie 

best method by tlie inaitagers of the largest and most successful 
plantations. Tlie two-way system, as described by Maxwell, gives 
water to the furrows from both sides of a watercourse at the same 
time ; it is said to be economical of v^ter, but even land is required. 
Everv other row irrigation is an emergency method for hilled-up 
cane, the alternate rows being filled up with trash ; it saves time 
and weeding and is a big help when water is scarce. Percolation 
is found to be sufficient to keep the soil moist, but the ultimate 5 ield 
of canes is deficient. 

Cutting lines is the name given to another method, in whicli 
one outlet of the Avatercour.se irrigates a number of furrows in 
succession, as follows : When the water reaches the end of the 
first furrow, the ridge between it and the next below is cut aci'oss, 
so that the water enters the latter and floAAs back again towards 
the watercourse, and by repeating tlie operation a number of furrows 
can be dealt with by one opening from ti;e \a atercourse. In one 
form or another tliis deviation from the standard is used by 16 out 
of 26 plantations, but only after the first two or three months. 
It is useful for holding back the water of freshets with little natural 
storage capacity, or for floodirig after a dry spell when heavy rains 
occur. The first furrow, of- course, gets too much water and the 
method is inapplicable to porous soils. When tlie water is short, 
?iingle line irrigation is reverted to. 

The Ewa or Pent on system (Fig. 3) is a combination of tlie 
two-way and cutting line systems and saves labour, as well as land, 
because half the usual number of watercourses with their banks are 
in’ailable for cane growth. In 1914 by the oh’ method one man 
was able to irrigato 8*29 acres in a day, but in 1916 by this system 
^ single labourer was found to be able to attend to 13-35 acres. 
Hie system has been in use on the Ewa plantation for 20 years, but 
d is only practisc^l on three plantations. Tlie chief objection is 
fliat lands are usually too steep and that too much soil would be 
'vashed away, but it has much to recommend it in the saving of 
labour. 
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Flo. 2. Hawaiian furrow aystem, • 

An enlarge I aketoh of the actual layout from level ditch to furrow’, ahowing the arrange* 
ment of watercoursra and furrowa when each row of 35 ft. is irrigated separately. There we 
between 40 and 70 furrows to one watercourse, depending on the field and plantation practice. 
Hie crosses signify ],the position of the cane plants in the fnrrows). 


THE IRKIGATION OF THE SUGARCAXE IN HAWAII 


191 



FtO. 3. Ewa or Rent-i^n system. 

Hi is system which is a combinali'pn of cutting one line ami the two-way system is 
^etiMf'd on the 7,600 acres of Ewa plantation with groat success, also in the Waimea region 
K.auai. The watercourses are about 70 ft. ap;irt, which is one-half the number in the 
andard Hawaiian furrow system. Lines are cut a<i that the water runs to fonn a U. The 
•igal'T standing on the Watercourse can thus see when to change hU panL Water is 
'’<5110 1 both to left and right hand sides of the wateroouts© at the same time. 

R 
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Grove farm standard system. Here there are three clia^iges 
in the method during the gro^Yth of the crop ; the watercourses 
are 50 ft. apart and the level ditches 800 to 400. Sirgle furrow 
irrigation is practised for the first three to 'four months. Then 
three successive ridges are cut, so that each opening of the water- 
course irrigates four furrow^s ; the furrows are thus divided ihto 
blocks of four. When the canes are six to eight months old, that 
is in the spring, the blocks are enlarged, so that 20 to 30 furrows 
are served by one outlet from the watercourse, and one man can 
irrigate 5*6 acres in a day. The chief advantage is that the wlicle 
plantation can be irrigated in a few’ days, and this is especially 
useful w^here freshets with limited storage occur. 

Flooding is not considered practicable as a rule because of the 
waste of water. It is only possible when the sliortage of labour is 
acute, as w’as the case in the 1920 Oahu strike. These are the chief 
variations given of the standard practice of irrigation in the islands. 
But, with the field thus prepared, tlie increasing paucity of labour 
in 1921 induced various planters to thick out new^ methods wliose 
main aim was to save labour, sometimes at a certain cost of efficieticv. 
Labour has become a linuting factor, and a number of novel and 
ingenious methods h.ave been evolved wiich are classed together 
by the author under the heading New’ Methods. OT these the main 
idea is to make irrigation as far as possible automatic, and in a recent 
number of this Journal three methods classed under Kilaiiea 
Automatic Irrigation by the author have been described, nanifly, 
the Modified Orchard system, the Hillside or Huliriluli system and 
Old Ratoons laid dowm to the standard system but converted to 
the automatic. Tlie Baldwin Flume system, also automatic, was 
described at the same time. These systems are one and all of great 
ingenuity and sigi’ificance, and the reader is referred to our reference 
to them for the details. There remain tw*o other systems vO complete 
the min ber described by the author. 

No watercourse system, or simply furrows 200 ft. long between 
two adjacent level ditches. Renton devised the system and gave it 
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over to the author to carry out. About 10 furrows can be irrigated 
at the same time, and the method is at present purely experimental ; 
if the flow is found to be too rapid, it may be readily checked 
by the insertion of low dams along the furrows at the nece,ssary 
intervals. The method has received careful study and a table 
records soil moisture determinations at different distances along the 
furrows. 

Wuipio sj' st6iii. This is ciutoniutic End is being conducted 
under the auspices of the Hawaiian Sugar Planters’ Association 
on their sub-station at Waipio. The level ditches are 20 furrows 
from one another and the furrows are 30 ft. long and must be level. 
To consolidate the soil and thus prevent washing, the first two or 
three irrigations are acc \ding to the standard method. Then the 
ridges are cut to 15 ft. lengths, these cuts alternating in successive 
ridges down the slope. The bottoms of all the cuts must be at 
the same level, and 3 in. above the bottom of the furrow ; the cut.s 
are protected by a mulch of tra.sh or better of paper laid over their 
lowest part to prevent washing. The whole system is made auto- 
matic by outlet boxes in the level ditch, and a gate is placed in 
the latter between each set of furrows served. 

This part of the paper concludes with an experiment conducted 
by the author at Ewa, in which three s)-stems were compared during 
nine months in 1921, in a uniform, level field of H 109 plant canes 
of very vigorous growth. It was one year old at the start when it 
had approximately 50 tons of cane to the acre ; at the time of the 
last irrigation the weight of cane was estimated as at least 95 tons 
to the acre. The methods compared w-ere the Ewa system already 
described, semi-flooding, whicdi was merely an adaptation of the 
latter whereby, instead of four furrows. 20 to 24 were irrigated at 
one time, and ordinary cutting of the lines and the resulting zigzag 
flow of water through the furrows. The latter gave a very slow 
movement of water, because of the small slope, and heavy growth 
canes, but no difficulty was experienced with it. The labour 
®ved by the Ewa system w-as very satisfactory when compared 
"^th that of the standard practice, and labour was also saved by the 
zigzag method. Stripping of the canes, however, could only be done 
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by the irrigator in the Ewa system and the cost of this operation 
which had to be done by an extra man owing to the lack of 
has to be added to the irrigation cost in the other two. 

Duty of water. This is tlie water required to bring the ero{) to 
maturity and to obtain tlie optimum growth. A consideiable 
number of papers have been issued on this subject, but unfortu- 
nately there is no ilniformity in the standards used, and the caues 
were grown under very difl’erent conditions. The author thinks 
that, considering the importance of the subject, tlie infoiniatiun 
obtainable in Hawaii is very meagre. A summary history of the 
experiments is given, the results having been converted into com* 
parable figures, and 16 of them have been tabulated. When* 
possible some of these have been averaged, but in the bulk of tlieni 
this was not feasible. The following averages are extracted from 
the table : — 

1. Acre-ft. required to bring the crop to maturity, 19 13. 

2. Gallons of water per acre to bring the crop to maturity 

(not so convenient for irrigators but universally 
adopted in the islands), 6,205,888. 

3. Yield of sugar per acre, 6*66 tons. 

4. Tons of w^ater to one ton of sugar (although frequently 

used this is not a recognized standard), 3,898. 

6. Tons of sugar from a million gallons of water (safe and 
more scientific), r091. 

6. Gallons of water applied per acre per day (deduced 

from column 2, with 460 days^ irrigation for crop), 
13,941. 

7. Acres covered by one million gallons of water in 24 laniis 

(said to be 100 but the average in the table is), 75 la. 

“ Verrett’s tabulation of the amount of water used at aipio 
for the crop of 1921 is 5'9 acre-in. (presumably per irrigation), 
producing 9*85 tons of sugar, or 2,140 tons of water per too of 
sugar. The average interval between irrigations w^as 20 days, b“ing 
longer in winter and shorter in summer/^ 
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Allen at Waipio experimented for 4^ years on the duty of 
watei on short ratoon crops (12 months ?) and obtained the 
following results 

1. Average yield per acre of tons of cane, 36'91, of tons 

of sugar, 4*46. 

2. Water used per acre, in gallons, 2,479,858, in acre-ft., 

7*613. 

3. Water used per ton of cane, 69,020 gallons or U2i] 

acre-ft. 

4. Water used per ton of sugar, 582,870 gallons, or r7t9 

acre-ft. 

5. Lb. of water used for 1 lb. of sugai-, 2,421. 

{Tolje conhiiued.) 
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A POTENTIALLY USEFUL DIAGNOSTIC CHARACTER IN RAPE, 

A FEW plants of rape of a very distinctive yellow green coloiu 
somewhat like that of taramira without any “ bloom ” were found 
in a field at Ranchi some years ago. The variety has been gmn 
at Sabour and has shown very much less contamination by crossing 
than ^vas expected. 

Crosses with the oixlinary types are very easily picked out by 
their more bluish colour and “ bloom.’' 

The seed is yellow and somewhat smaller than that of tlie 
corresponding normal type. The type seems to be no less vigorous 
than the common types. 

This note is published because such a distinctive charactei 
may be of use to those who are working on cruciferous oil-seed?, 
if only as a means of readily estimating the amount of crossing taat 
takes place under different field conditions. Small samples of seed 
will be supplied to officers of the Indian Agricultural Service on 
application to the Economic Botanist, Sabour, Bhagalpur. [A. C. 
Dobbs,] 

♦ * 

AMERICAN COTTON SITUATION. 

The September 1923 issue of the “ International Cotton Bulletin 
(the official organ of the International Federation of Master Cotton 
Spinners’ and Manufacturers' Association, Manchester) contains a 
series of interesting articles on the American cotton situation b} 
Messrs. A. S. Pearse and Arthur Foster who liave just returned 
from a tour of the American cx)tton belt. The first of these 
future of U. S, A. cotton production " gives some startling fil^nre^ 
of the present cost of producing cotton in various States. 1^^' 
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instance, in Mississippi 30 cents, per Ib. for short staple (i.e., I""— r) 
and 35 cents, for Ij" cotton, in North Carolina 25 cents., in Central 
20 cents, are given as the minimum profitable prices to tie 
farmer. In 1918, the U. S. A. Pepartment of Agriculture estinuated 
the cost of production to be 22 cents, in Georgia, 22 in Alabama, 
2ol' in South Carolina and 2\^ in Texas. Owing to the ravages cf 
the boll-weevil and army worm, it is stated that in seme parts cf 
Gaoi’gia cotton would no longer pay even at 60 cents, or in Mississippi 
at 40 cents. Even allowing for exaggeration, the author^ consider 
that, under boll -weevil conditions and with a shortage cf labour, 
cotton production in some States has ceased to be economic, that 
onlv in Texas and Oklahoma there is a prcbability of maintainirg 
and increasing production. Tiiey consider that there is eveiy 
possibility that American cotton production will fall to little 
more tiian half of pre-wmr figures and that this \voidd barely supply 
An*eriean mills. 

Certainly a 11-milIion-bale crop from tlie record area of 38 
million acres tins year, or say 145 ib. per acre, gives no cause for 
optimism when compaicd with 13 million from a similar area in 
1920-21, 16 million from the same area in 1914-15 and 15 million 
in 1911-12 from 36 million acres. 

It is estimated that of 38 million acres planted only Ij million 
acres w^ere treated with cahaum arsenate, 

A second article describes the cotton-growers’ co-operative 
movement in the United States of America to which a reference 
was ma<le in the March (1923) Number of this Journal. 

Another article describes in somewdiat more detail than any 
previous publication the organization and metliods of the Cotton 
Crop Reporting Board. The “ Bureau reports ” have come in for 
considerable criticism of recent years tlioiigh at one time held up 
as a model to the rest of the world. The article describes the reports 
as very thorouglily prepared '' as the result of an analysis of the 
cpinioiis of the state of the crop on a given date of many thousand 
peoples.” The weak point still is, as always, that the cotton area 
only acimlly deternaued decennially and that for forecast pur- 
pri.^es both the area and the yield have to be estimated. That this 
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is possible at all is due to fortnightly returns of cotton actually 
ginned and pressed being available. [B. C. Burt.] 

* 

* ♦ 

MOSAIC DISEASE. 

What scientists declare to be the greatest discovery of tJie 
century in the field of plant diseases was announced at the annual 
meeting of the American Association for the Advancement of 
Science, which was held at Cambridge, Mass., early in the year. 
The declaration was made after reports prepared by Prof. Pay 
Nelson of the Michigan Agricultural College, Dr. L. 0. Kuakel 
of the Hawaiian Experiment Station, and H. H. McKinney of the 
University of Wisconsin had been read before the association. 
In their reports these scientists announced that, during the past 
year, they had discovered the organisms which cause the mosaic 
disease ” in various plants and they substantiated their finding by 
displaying photographs of these organisms actually at work. 


Important to sugar industry. 

While this discovery is of great import to all plant pathologists, 
it is of special interest to tho.se who are concerned with the study 
of the diseases of the sugar-beet and sugarcane, for the reason 
that the mosaic disease is increasing every year and it is estimated 
that it results in the loss of tens of tljousands of dollars’ worth of 
sugar plants annually. 

For many years plant pathologists have been searching for the 
cause of the mosaic disease, on the theory that if they could find il^e 
organisms they could devise means of controlling the disease. With 
the finding and photographing of these organisms accomplished, 
the mystery of the disease has been revealed. 

The organism is described as having a long spindle-shaped 
body with whip-like hairs (cilia) at each end. They are considered 
as belonging to the most primitive forms of animal life, the protozoa, 
They are le.ss than one Jiundred- thousandth of an inch thick aucl 
from ten to twenty times as long. They attack the cell in its nu'd 
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vital ^pot, the nucleus. Soiiie of them have been found actualh' 
coiled about the cell nucleus. 

Specimens found in potatoes. 

While it is true that scientists have believed for .some time 
that the mosaic organisms belonged to the animal kingdom, no one 
was able, until recently, to prove this a fact, nor had anyone been 
successful in observing the organisms actually engaged in their 
depredations. Prof. Nelson reported that he had found the organ- 
isms by cutting tiiin sections of the inner part of infected potato 
stems and examining them under a high-powered microscope. 

It has also been found that there are various kinds of these 
orgaiiisuis. each preying on particular sort of plant. The organism.s 
discovered by Prof. Nelson are those that infest beans, sugar-beets, 
clover, tomatoes and potatoes. These creatures are similar to the 
trypanosome, the cause of the sleeping sickness \\ hich kills man and 
beast in Africa. 

Dr. Kunkel and H. H. McKinney announced the discovery 
of the parasites that cause the mosaic disease in corn and wheat 
plants. It was found that these organisms belong to the class known 
as amceba and are similar to the organisms causing malaria and 
yellow fever in man, which are transmitted from man to man by the 
mos{|uito. 

While it is too early to announce the measures to be taken in 
the control of these organisms, it is the belief of many prominent 
botanical pathologists that their discover}' may be the beginning 
of a new era in the treatment and cure of iiuany plant diseases. 

* “ A factor to whicli too little attention has heretofore been 
paid in surveying crop conditions and prospects in Cuba is the 
niosaic disease of sugarcane, wbicli by reason of its widespread 
^’^xistence and increasing dispersion seems to liave reached a point 
^vhere it deserves consideration along with tlie rainfall and weather 
^-onditions in general. Just how much territory in Cuba has been 
invaded by this disease, and to what extent, lias never been 


* Thm and stibseqDf^ni paragraph* aiv Uken from about Sugar, XVII, 2. 
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determined by an accurate survey, although it has been known to 
exist iu several parts of the island for a number of years. 
reasons for this lack of attention to what, in other countries, has been 
recognized as one of the most serious menaces to successful cane 
agriculture have been various, but the principal ones have been the 
abundant crops of the past few years, the reluctance on the part 
of the managements of certain estates to admit the occurrence of the 
disease on their properties or to recognize its importance, and the 
desire of the Department of Agriculture to wash its hands of a 
problem too big for it to attack successfully. 

“ In Porto Rico the disease has been regarded as the worst 
scourge known in the cane fields and energetic measures, which give 
every promise of being successful, have been undertaken for its 
control. In Hawaii it has been held in clieek by the plarUing 
system employed and tlie practice of a rigid selection of seed cane. 
In Java its importance has long been acknowledged and control 
measui’es employed. 

Cuban conditions favour spread. 

“ Cuban conditions and field practice are particularly favourable 
to the spread of the disease, as replantiiig is infrequent on good 
soils and, especially in recent years, tlie principle of selection of seed 
cane has been the reverse of that employed in the other countries 
mentioned, the best cane being sent to tlie mill and that of poorer 
quality saved for planting. Tins practice, combined with lack of 
information on the part of the field management of estates, lias been 
the cause of extensive planting of seed cane affected by the disonse, 
every stalk of which produces a diseased stool. As the ill efierts 
are not at once visible to the eye, entire diseased fields have passed 
unnoticed, and only a comparative analysis would show the extent 
of the resulting losses. 

“ Recently there ha ve been signs of a partial awakening ann.^ng 
estate managements to the serious nature of the situation produced 
by former neglect, and a growth of interest in the means of caii* 
bating the disease. Although individual estates, by proper measu 'e?, 
can rid their own fields of the disease, its complete eradication 
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gQi^r* [-biTig that can only be accomplished by co-operation among 
the mills to this end and by unflagging effort. Further attention 
to this serious factor in the industry will be given as new informa- 
tion on the subject is forthcoming.” [Cuba Review, XXI, 10.] 

* « 

lodging of sugarcane : MEANS OF PREVENTION. 

It is not generally appreciated that the lodging of sugarcane 
in the fields has other consequences than the extra difficulties in 
cutting, handling and milling badly fallen cane. When a stalk of 
cane falls or is blown down, its growth is checked and the quality 
and yield of juice suffer nppreciably. The difference between 
fallen and standing cane at tlie time of cutting will show up clearh^ 
if the two are harvested and worked up separately, as is illustrated 
by the following figures given by Geerts in Java Arckiefiio, 22, 1923. 
The cane in question was D 152 grown in Godeo, 



Brix 

Sugar % 

Purity % 

White sugar % 


Sta)iding cane. 


Bsisc . . 

n)ii 

17-81 

9:C25 

17-29 

Middle 

19 -9 1 

18 '55 

93-22 

IS -01 

I'op , . 

17-90 

l.r4<' 

S5-9S 

14-39 



Fallen cane. 



Bajte . . 

16'32 

14-02 

85-95 

1 13-td9 

Middle 

i7-r>o 

15-89 

90 74 

15-23 

top .. 

15-38 

! 

; 12‘2r. 

79-01 

iroo 


Losses due to lodging. 

The average purity of the standing cane was 91*15 per cent, 
iind the sugar content 17*31 per cent., that of the fallen was 85*87 
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and 14*10 per cent.,, respectively. This sufficiently indicates that 
lodging on any extensive scale has more serious consequences tlian 
annoyance in handling and niilUng. Moreover, the average weight 
of the fallen canes is smaller. 

The causes of lodging are many and various, but for the most 
part are referable to definite factors. When whole fields are blown 
down by heavy winds there is, of course, no doubt as to the cause, 
but when, in the absence of such accidents, the percentage of fallen 
cane varies from one field to another or in different parts of tlie 
same field the predisposing causes are less obvious and it lias 
required much observation and experiment to dediu*e the under- 
lying factors. 

One cause is a predisposition of the cane itself, i.e., some varie- 
ties of cane are more predisposed to lodge than others. The variety 
100 POJ, for example, is one which lodges badly, whereas EK 2 
and D 152 show much less tendency in this dii'ection. 

Another cause is connected with climatic and moisture condi- 
tions. If during the earlier period of its growth the cane is riot 
well supplied with moisture, it is liable to develop a spindling stalk, 
and if at a later period the moisture conditions improve, the cane 
develops a heavy top growth and the tendency tO’ lodge is greatly 
increased. 

A third cause is irrational fertilizing of cane fields. Lodging 
is alw^ays more frequent in heavily fertilized plots. The application 
of fertilizer, of course, increases the yield, but if the tendency to lodge 
is trebled or quadrupled, as, from experiments quoted by Geerts, 
often ocem’s, the resulting depreciation of the lodged cane may 
considerably discount the benefit of the added fertilizer. On 
naturally rich ground application of fertibzer may even result in a 
smaller total yield of cane as w^ell as a poorer yield of juice. 

Measures to prevent lodging. 

The measures to be taken against lodging are, first, the selection 
of^ a variety little disposed to this trouble especially for rich, W‘ t 
soils. 
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Tlu* luethoil of planting is not without influence. Shallow 
pldiiting, as practised under tire plough system in Java, results in 
mucli stooling and more fallen cane than is observed in the 
“ rav'imso syj^tem. Suckering the caiie and planting wider apart 
results in stockier growth and smaller tendency to lodge. 

'Phe control of lodging by judicious fertilizing is more uncertain 
;iud requires long observation and .some experimenting on different 
soils to learn their peculiarities. I^trong laud should not be given 
a.s heavy applications as poor soil. 

Some writers have advocated tying together stalks in opposite 
rows. This is more or less effective, but rostly and prcKiuct[\^e of 
bent cane which is not easy to transport or feed to the mill. A more 
serious objection is that the tops of the cane are crowded together, 
which has an unfavourable effect on the rendement. Other 
measures that have been proposed are stripping some of the lower 
leaves of the young cane or the cutting off the top of the cane 
about 2h inches above the upper node, Such measures check 
the growth of the cane and where they diminish lodging thev also 
iliminisli yields and profits. [Facts about Sugar, X\TL 15,] 

* 

* * 

AN EFFECTIVE WHEAT PICKLING MACHINE. 

We often hear of bunt in wiieat crops, the seed of whicli is 
supposed to have been effectively pickled. Xevertheless, if the 
pickle lias been used at the right strength, and if each wheat grain 
has been thorouglily wetted '' by it, apart from occasional soil 
re-infection, there sliould be little or no bunt in the crop. 

Frequently in my opinion, lack of success in pickling is to be 
attributed to the way with which the pickle is applied rather than 
to the nature or strengtli of the pickle itself. Thus, merely dipping 
a wheat-butt into a cask containing pickle, and leaving it there 
ior a few minutes, does not in any wav insure tliat each grain is 
thoroughly '' wetted ’’ by tlie pickle. As a matter of fact the 
i^urtace of the grain is more or less greasy in character, and water 
seems to slip over it readily or to adhere to it loosely in tlie form 
of numerous minute air bubbles beneath which the surface remains 
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dry. Hence, mauy R spore of bunt escapes contact with the 
pickle and lives to germinate later on in the field in contact with 
the grain. 

It is these facts which, in my opinion, render floor pickling 
more effective than the various mechanical methods hitherto 
recommended. UnfoTtimately, it is a long and laborious process 



No. 1. 

which we would willingly avoid if we could. Personally, for many 
years 1 have held the opinion tliat if floor pickling was ever to ho 
effectively superseded it would be by some fonn or other ot a 
rotary pickling machine. On the suggestion of Mr. H. J. App^j 
we endeavoured to u>se for the purpose an old rectangular 
buttercliurn, which, although quite effective from the point of 
view of the distribution of the pickle, w^as too slow for general 
purposes. 

Quite recently, however, I have ceme across a new typo of 
rotary pickier, the invention of a South-Eastern fanner — Mr. J* 
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^{cGil’iv'ray— wliich appears to me to have solved pickling difficulties 
effectively. 

Jt cousists of a long, rectangular, watertight, wooden box, 
divided into three compartments by two sloping brass screens, 



No. 2. 

one of which is shown in illustration herewith. Tlie box is mounted 
oa a triangular iron frame around which it rotates freely. An 
^ogenious lever-stop arrangement enables one to place the box in 
the various positions indicated in the illustrations. 
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The pickier is adapted to pickle one bag at a time, one lialf 
being placed in one compartment and the other iii the op])osite 
one. 

When filling the pickier the box is brought to position 2; 
tlie doorway is thrown back and from to gallons of 1 per cent. 



No. 3. 


bluestone pickle should be poured into it. I indicate this quantit) 
because in our experience it takes gallons of solution to fiooi 
pickle effectively one bag of wheat; a slight excess of solution wil 
do no harm. Half a bag of reheat should then be emptied inh 
the open compartment, and the door closed down. The box sliock 
then be reversed and a second half bag emptied into the opp^sit' 
compartment. The box should then be tnade to rotate skavl; 
around its axis ; a slight push will bring this about. As the 
rotates the grain will be thrown violently against its sides and b 
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broiiglit effectively iu contact with the pickle. Four or five minutes’ 
rotation should suffice for the purpose. 

The box is then brought to position 3, the trap door opened 
and the grain made to slide into a bag attached beneath the 
central lip. It is then reversed and the grain from the opposite 
compartment emptied out in the same way. 

The whole mechanism is exceedingly simple and should, in 
mv opinion, prove very effective for pickling wheat either with 
solutions of bluestone or formalin, or even with a dry powder like 
copper carbonate. [Arthur J. Perkins in Jour, Dept. Agri. 
South Australia, XXVII, No. 1.] 

* 

NEW OFFICIAL UNIVERSAL STANDARDS FOR AMERICAN 
COTTON. 

A RECENT Bulletin issued by the United States of America 
Department of Agriculture describes the new American official 
cotton standards, and the following abstract explains the variations 
from the previous American standards : — 

1. Establiskuient and replacement of the official cotton standards 
of the United States. 

Section 9 of the United States Cotton Futures Act, approved 
August 18, 1914, and re-enacted August 11, 1916, confers upon the 
Secretary of Agriculture the authority to establisli standards of 
cotton by which its quality or value may be judged or determined, 
iucluding its grade, length of staple, strength of staple, colour, 
atid other qualities, properties, and conditions, and to change or 
replace the same from time to time. Notice must now be given at 
least one year in advance of the effective date of any change or 
replacement of the standards that have been established under 
the Act. 

2. Grades and colours of American upland cotton. 

Standards for nine white grades of American Upland cotton 
^ero established and promulgated by public notice of the Secretary 
of Agriculture on December 15, 1914, as follows : Middling Fair, 

7 
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Strict Good Middling, Good Middling, Strict Middling, Middlings 
Strict Low Middling, Low Middling, Strict Good Ordinary, and 
Good Ordinary. 

By order of the Secretary of Agriculture, dated January 28, 
1916, standards for colour in the various grades of American Upland 
cotton were established as follows : Good Middling Yellow Tinged, 
Strict Middling Yellow Tinged, Middling Yellow Tinged, Strict 
Low Middling Yellow Tinged, Low Middling Yellow Tinged, Good 
Middling Yellow Stained, Good Middling Blue Stained, Strict 
Middling Blue Stained, and Middling Blue Stained. 

On August 12, 1916, by reason of the re-enactment of the 
United States Cotton Futures Act on the preceding day, the same 
standards for grades and colours of American Upland cotton were 
re-established ^vithoiit change. 

No change has been made in these standards for American 
Upland cotton from the date of their original establishment until 
July 26, 1922, when an order was issued by the Secretary of 
Agriculture, effective August 1, 1923, making certain changes in the 
existing standards including the method of designating the grade? 
and colours. These changes are designed solely to provide a 
more satisfactory classification of cotton already within the range 
of the present standards. 

In the white grades the changes are not considerable and tlie 
new standards represent the nine grades for which the standard? 
were originally established. The most noticeable changes are in 
Middling Fair and Strict Good Middling, which in the new boxe? 
are somewhat less creamy and admit a trifle more leaf. The reason 
for this change is that in the old standards for these grades too 
large a proportion of creamy cotton was allowed in relation tn the 
lower boxes. Great care has been taken to graduate all of the 
new boxes so that the steps between the grades shall be as nearly 
equal as practicable. 

The extension of the boll-weevil depredations into pract cally 
all sections of the Cotton Belt has caused the greater part (d the 
American crop to show some sliglit discoloration, known as boll' 
weevil spots. ■ The new white standards provide for such colour 
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in the white grades, but do not contain as much heavy spot as 
bales ;» and 11 of Strict Low Middling, 7 of Low Middling, 5, 6, 8 
and 9 cf Strict Good Ordinary, or 3 and 7 of Good Ordinary of the 
old standards. 

(XoTK. Fur an explanation of the aystem of arranging and designating the type samples 
in the bd.voa of the Official Ottton Standaixls of tlie United States see Service and Regnlaton- 
Aiinmiiit’ements No. H of the Office of Markets and Rural Organization.) 


Tlie old standards for yellow tinged cotton have never received 
the complete recognition of the cotton trade. The new standards, 
being much lighter in colour, arc designed to conform more closely 
to American trade ideas. 

One important objection to the old standards as a whole, 
brought forward by the trade, was the lack of specific designation 
for cotton intermediate in colour between the practical forms. This 
complaint was recognized as liaving considerable merit, especially 
in view of the wide differences in the values of the grades which have 
prevailed in recent years. The new standards, therefore, provide 
for a more exact classification of cotton the colour of which is 
lighter or deeper, as the case may be, than that shown in the 
practical forms without multiplication of the practical forms and 
Hie attendant increase of expense. 

The numerical method of grade designation for cotton which 
ffai? introduced in the American, Egyptian and Sea Island standards 
las been extended to the standards for American Upland cotton, 
n keeping with the general poliew of the Bureau of Agricultural 
'economics (foimerly tlie Bureau of Markets) to employ numbers 
or the grades of all commodities for whicli it has established 
londards, assigning No. 1 to the highest commercial grade and 
neceeding numbers to lower grades in order. Inasmuch as the 
laiidards for the white grades govern in all detenninations of 
•reparation, leaf trash, and other foreign material, while the 
tandards for colour determine only the ranges of colour under the 
especi jve designations without reference to other considerations, 
te colour standards are denoted by descriptive words affixed to 

g.nide numbers. Examples of the use of each designation 
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are found in the table given below. The use of the full grade 
nomenclature, however, is continued in addition to the numerical 
designations. 



Symlxils in hCftvy typ# denote grades and colours for which practical forma of tte 
Official Cotton Standards are prepared. Symbols in UmUcs represent the designaliors of 
cotton which in colour is between practical forms of the same grades, , 

The grades shown above the horizontal line are deliverable on future contracts mads 
in accordance with Section 5 of the United States Cotton Futures Act. Those below the line 
are nntcnderable on such future contracts 

[Service and Regulatory Announcements of the Bureau of Agri- 
cuUwral Economics, No. 72, 1922.] 

The following abstract from the Textile Mercury shows the 
correspondence of the new American standards with the Liverjiool 
standards : — 

“ The Manchester Cotton Association has received the following 
cable from the delegates at Washington stating that the European 
delegates have carefully compared the new American standards 
with the Liverpool standards in Washington and consider standard 
grades as follows 

American Strict Good Middling=Liverpool Middling Fair, 
American Good Middlmg=Liverpool Fully Good Middling* 
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American Strict Middling=Liverpool Good Middling. 

American Middling=Liverpool Fully Middling. 

American Strict Low Middling=Liverpool Fully Low Mid- 
dling to Middling. 

American Low Middlings Liverpool Low Middling to Fully 
Low Middling. 

American Strict Good Ordinary=Liverpool Fully Good 
Ordinary to Low Middling. 

American Good Ordinary :i:= Liverpool Good Ordinary to Fully 
Good Ordinary. 

' The delegates consider the standards satisfactory and even 
running. The standards have been made up from compressed 
cotton, but owing to the cotton not touching the box lid the 
standards have an uncompressed appearance.” 

There has been considerable controversy about the changes 
in standards, and the American standpoint is well explained in the 
article by Mr. Brand, reproduced in the January Number of this 
Journal (XIX, 1, 1924). 

As a result of the deputation sent by the Liverpool Cotton 
Association to America, an agreement now appears to have been 
reached on most* of the points at issue. It is understood that 
the American Government has agreed to supply the American 
standards to the Liverpool and Manchester Cotton Exchanges, 
and a compromise has been reached in regard to the difficult 
question of arbitrations. Under the Act passed recently the 
Washington arbitration will be final. This was strongly objected 
to by the Liverpool Cotton Association as it meant the over- 
riding of their arbitrations. On the other hand, American 
opinion considered it essential tliat sellers should be able to 
obtain an official classification of their cotton in America and 
^0 longer be dependent on arbitrations carried out abroad 
‘'^gainst standards with \vhich they are not familiar. From the 
cable reports it now appears clear that the Liverpool Cotton 
Association’s arbitrations based on the new American standards 

be recognized as authoritative. [B. C. Burt.] 
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COTTON RESEARCH. 

Through the courtesy of the British Cotton Industry Research 
Association, the Secretary of the Indian Central Cotton Committee 
has sent the following abstracts for publication : — 

Boll-weevil trap. 

An apparatus for protecting seeds and crops from insects and 
particularly for destroying boll- weevils on cotton consists of a 
cage-like device carrying a number of radial rods provided ^vitj| 
down-turned bristles, wires or strings. This cage travels over the 
crop on an over-head wire. It is provided with conical passages to 
afford ready access for insects to the interior where strips of material 
soaked in sticky poisonous substance having an odour attractive to 
insects are suspended. Tlie insects fall into a tank in the form of 
a drawer which can be filled with water or paraffin as desired. A 
lamp may be fitted witliin the cage. The rods on the outside of the 
cage may be coated with adhesive. The hanging strings engage the 
top of the crop and disturb the insects thereon. [E, P. 199867 . 
J. Smith-Ross.] 

Cotton diseases in West Aithca. 

Shoi't descriptions, with illustrations, are given of the cotton 
diseases met with in West and South-West Africa. The disea.^es 
and the causative organisms include— angular leaf spot (P. malvacen- 
mm)^ wilt {ISeocosmospora vasinjecta), anthracnose [Glcnnenlk 
gossyjpii), sore shin (Pythimn deharyanum?), a “ rust (Tm/o 
gossypH), and two less serious pests characterized by spotting and 
shedding of the leaves {Pamularia areola and Mycospharelk 
gossypina). [Text. Mercury, 1923, 69 , 206-207. R. SlVAINS 0 ^- 
Hall.] 

Fumigation of corroN-sEED. 

Cotton-seed badly infested with pink boll- worm is completely 
disinfected by exposing it to chloropicrin, to the extent of 30 e.c- 
per cubic metre, for 24 hours. The germinating power of the eed 
is unaffected. [ExpL Sta. Rec., 1923, 49 , 154; from Agron. Co’oih 
1922, 7 , 249-253; P. Vayssiere.] 
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Dimensions of starch grains. 

Losing a high-power microscope equipped with a micrometer 
eye-l^icce, the authors have determined the sizes of the starch grains 
in se\ en typical flour samples. It was found that the starch grains 
could be grouped in two classes, those having diameters of 7 microns 
or less and those having diameters of 8 microns or more. The 
percentage of starch grains of different sizes in each sample of flour 
was ascertained. The results indicate a relationship between sizes 
of grains and strength of flours. The greater the percentage of 
small grains the stronger the flour. [huL Eng. CAem., 1923, 15, 
1050-1051. J. H. Buchanan and G. G. Naudain.] 

Gossypol toxicity. 

Pepsin and trypsin digest casein and tlie globulin of the cotton- 
seed to very nearly the same extent and at practically tlic same rate 
tlirough an extended period. The addition to tlie protein of 1 per 
cent, of its weiglit of the toxic principle, gossypol, present in cotton- 
seed kernels to the extent of 1 -5 to somewhat more than 5 per cent, 
of the estimated protein content, interferes markedly with the 
digestion in vitro of the cotton-seed globulin by pepsin and tr^^sin, 
and by pepsin alone, as well as the digestion of casein by pepsin and 
trypsin. The incomplete digestion (83 per cent.) by animals of the 
protein content of cotton-seed press-cake preparations is tentatively 
explained as an inhibitive effect of gossypol. [Jour. Biol. Chm.^ 
1923, 56, 501-511. D. B. Jones and H. C. Waterman.] 

AoVAN^rAGES OF HEAVY SEEDS. 

Water culture experiments with peas and barley are described 
which were designed to show the effect of weight of seed on the 
resulting crop. The results indicate that there is a steady rise in the 
dry weight of the plants as the initial weight of the seed increases, 
whether the food supply is limited or abundant. The efficiency 
index’’ (rate of increase per day), liowever, falls ^’^dually as the 
Weight of the seed rises, so that the initial advantage accruing 
from heavy seed might be lost with prolonged periods of growth, 
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Wiih annual crops, harvesting occurs before this point of 
brium is reached. [Ann. AppL Biol., 1923, 10 , 223-240. Winifred 
E, Brenchley.] 

Causes of mildew, 

A general article and discussion describing some of the causes 
of mildew in cotton cloth. [Jour, Man, Col. of Tech, Text. Soc.^ 
1923, 13 , 20-25. P. Bean.1 

Adsorption. 

After a short general reviev^ of the main theoretical and practical 
details of adsorption or sorption the author describes the two 
chief theories which are at present under discussion, one of which is 
based on a consideration of the compressed or condensed condition 
in which a gas will exist if brought within the zone of attraction 
of a solid, and the other on the conception of the unimoleculai 
layer, Brief reference is made to some of the practical applica- 
tions of a knowiedge of sorption. [Jour. Soc, Byers, 1923, 39, 
233-238. J. W. McBain.] 

Description of cotton gin. 

In a process for the removal of the residual, hairs retained hy 
cotton-seed after ginning, or for the removal of hairs from the 
decorticated hulls of cotton-seed or other fibre-bearing materialj 
the heavily-loaded seeds are segregated from the hairless or lightly 
covered seeds at any stage of the process, and subjected to a further 
defibrating operation. The segregator, which is separate and 
distinct from the defibrating machine, comprises a shallow' dish 
formed with a central compartment with a sloping floor roughened 
or coated with abrading material. The dish is suspended from a 
support and subjected to a wobbling or shaking movement. Thf 
seeds are fed to the outer compartment, and those with little or nc 
fibre gravitate to the bottom of the mass and fall, through an opening 
with a closing shutter, in the floor of the outer compartment abovf 
a shoot leading to a conveyer ; the more heavily-loaded seeds ten( 
to collect at the upper level of the mass and pass through opening 
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in tho wall and floor of the central compartment to be returned to the 
defibrating machine. [E, P, 198561. E. C. de Segundo.] 

Viability of cotton-seed. 

I'he fungus which is responsible for cotton unthracnose, and 
whicli infects the cotton-seed, is completely destroyed by heating 
the thoroughly dried seed in a vacuum or any inert atmosphere, 
such as nitrogen, to prevent oxidation of the fats and proteins, 
after which the seed will endure the temperature of boiling water 
for hours without affecting its vitality. Seed so treated has a 
much liiglier percentage germination than untreated seed. [Science^ 
1923, 57, 741-742. G. F. Lipscomb and G. L. Corley.] 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC 


Mr. S. Milligan, M.A., B.Sc., Agricultural Adviser to tlie 
Government of India, and Director, Agricultural Researcli 
Institute, Pusa, lias been granted leave for six months on average 
pay from 1st March, 1924, Dr. D. Clouston, C.I.E., officiating. 

The services of Mr. G. S. Henderson, N.D.A., N.D.D., Imperial 
Agriculturist, Pusa, have been placed at the disposal of tlie Govern- 
ment of Bihar and Orissa to officiate as Director of Agriculture, 
during the absence on leave of Mr. A. C. Dobbs. 

* 

Dr. F. J. F. Shaw, U.Sc., Second tinperiaf Mycologist, Pusa, 
feuve on average pay for six months from iodt 

March, 1924. 

* ♦ 

Mr. Rudolph D. Anstead, M.A., has been confirmed as 
Director of Agriculture, Madras, from 22nd December, 1923. 

♦ 

* * 

Mr. a. C. Edmonds, B.A„ Deputy Director of Agriculture, 
I Circle, Madras, has been granted combined leave for nine monfh 
from 4th March, 1924, Mr. K. T. Aiwa being placed in charge. 

* 

* ♦ 

Mr. F. T. T. Newland, Government Agricultural Engineer* 
Madras, has been granted leave on average pay for one month 
and two days from 16th March, 1924. 

* 

* * 

Dr. R. V. Norris, D.Sc., M.Sc., F.I.C., who retires frorr the 
Indian Agricultural Service, has been appointeil Professor of 
Bio-Chemistry in the Indian Institute of Science, Bangalore. 

( 216 ) 



PERSONAL NOTES 


217 


ytR. B. Eamayya, B.Sc., has been appointed to act as Deputy 
Director of Agriculture, II Circle, Madras. 

* 

* Hs 

Mr. W. J. Jenkins, Deputy Director of Agriculture, North 
Central Division, Bombay, has been granted combined leave for 
nine months from 1st May, 1924. 

Mr. M. Carbery, M.A., B.Sc., Agricultural Chemist to the 
Government of Bengal, has been granted leave on average pav 
for six months from llth March, 1924, Mr. G. B. Pal, m!Sc., 
officiating. 

* 

Mr. P. J. Kerr, M.H.C.V.S., Director, Ci\'ii Veterinary Depart- 
ment and Veterinary Adviser to tlie Goveniinent of Bengal, has been 
granted leave on average pay for eight luontiis from 2()th February, 
\ 924 , 

♦ 

♦ * 

Mb. II, T. JAvvis, M.ll.C.V.S., Vjce-lVlnclpal, Bengal Veterinary 
College, has been appointed to act as Director, Civil Aeteiinaiy 
Department, Bengal, during the absence, on leave, of Mr. P. J. Kerr 
or until further orders. 

Maulvi Saiyid Sl’Ltan Ahmad, G.B.\.C., Lecturer, Bengal 
Veteriuaiy College, has been appointed to act as \Jce -Principal, 
Bengal Veterinary College, vice Mr. 11. T. Davis. 

* 

* ^ 

On completion of their probationary pericxl, the following 
officers are confirmed in the Indian Agricultural Service with effect 
horn 1st December, 1923 

(1) Dr. P, E. Lander, M.A.. D.8c., Agricultural Chemist 

to Government, Punjab, Lyallpur. 

(2) Mr. H. R. Stewart, A.lic.Sc.l., D.l.C., N.D.A., 

Professor of Agri(*ulture, Punjab Agricultural College, 

Lyallpur, 
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(3) Mr. D. P. Jounston, A.R.C.ScJ., N.D.A., Deputy 
Director of Agriculture, Lyallpur. 

* 

* * 

Mu. A. McKerbal, M.A., B.Sc., has been confirmed as 
Director of Agriculture, Burma, from 26th November, 1923. 

* 

* ♦ 

Mk. J. Charlton, M.Sc., A.I.C., Agricultural Chemist, Buinia, 
has been appointed Principal of the Mandalay Agricultural College, 
in addition to his ov\n duties, from 1st December, 1923. 

♦ 

* * 

Mr. F. J. Flymen, A.C.G.I., Agricultural Chemist to Govern- 
ment, has been appointed to officiate as Director of Agriculture, 
Central Provinces, vice Dr. Clouston on other duty. 

* 

* % 

Dr. H. E. Annett, D.Sc., has been appointed to officiate ai 5 
Agricultural Chemist to Government, Central Provinces, vice 
Mr. Flymen on other duty. 

* 

* * 

Mr. W. Youngman, B.Sc., Economic Botanist to Government, 
Central Provinces, has been appointed Economic Botanist for 
Cotton from 1st November, 1923. 

Mr. Jehangir Fardunji Dastur, M.Sc., D J.C., Mycologist to 
Government, Central Provinces, has been appointed to hold charge 
of the post of Second Economic Botanist, in addition to his own 
duties, from 1st November, 1923. 

Mb. H. Horsman, Director, Swadeshi Cotton Mills Company, 
Limited, Cawnpore, has been nominated by the Upper India 
Chamber of Commerce, Cawnpore, to be a member of the Indian 
Central Cotton Committee, V'U^e Mr. A. Horsman, resigned. 
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JIr. F. 6. Travers, of Messrs. Gill & Co., Bombay, has 
been nominated by the Karachi Chamber of Commerce to be 
a member of the Indian Central Cotton Committee, vice 
Mr. H. C. Short, resigned. 

The Thirteenth Meeting of the Board of Agriculture in India 
was held at Bangalore in the Daly Memorial Hall from 2lst to 
26th January, 1924. This was the first occasion on which the 
Board met in an Indian State. His Highness the Maharaja of 
Mysore evinced his deep interest in its deliberations by graciously 
consenting to preside at its opening meeting. His Highness, who 
was accompanied by Their Excellencies the Resident and the Dewan 
and other high officials and notables of the State, in welcoming 
the Board, delivered a most inspiring speech which was highly 
appreciated by all who had tlie pleasure of listening to it. The 
Board was attended by 41 members and 30 visitors. There were 
eleven subjects on the agenda, tliree of which relating to questions 
of cattle-breeding and animal husbandry were initially threshed out 
by a Cattle Conference held simultaneously with tlie Board. A 
detailed account of the meeting, together witli a photograph uf the 
Board, will be issued in the next number of the Journal. 



The Empire Cotton Growing Review (London ; A. & C. Black, 
Ltd. ; Quarterly — Annual subscription 5 shillings), the official organ 
of the Empire Cotton Growing Corporation, the first issue 
of which has been published with New Year, is a valuable addition 
to the growing literature on cotton. The Journal is intended not 
only to keep those interested informed of the activities of tlie 
Corporation, but also to publish information concerning cotton 
growing problems throughout the Empire, thus acting as a clearing 
house of intelligence collected from different Dominions and Colonies, 
and keeping Directors of Agriculture and others engaged in cotton 
growing in touch with development and experiments elsewhere. 
Statistics of the cotton crops of the w^orld, together with their 
qualities and uses to w^hich they are put, will form a regular feature 
of the Journal, and it is hoped to make it an instrument of giving 
both spinners and growers “ a better knowledge of one another’s 
lives, experiences, requirements and difficulties.” 

The first number, although, as explained, largely historical 
and tentative,” gives good promise of the fulfilment of the aims 
and objects with which tlie Journal has been started. After a short 
history of the formation and w’orking of the British Cotton Growing 
Corporation, the place of honour has been given to an appreciation, 
by Dr. Lawrence Balls, of the late J. W. McConnel, the first Chairman 
of the Council of the Corporation, who, more than any other 
man, gave the cotton industry a new technical organization com- 
parable with its existing industrial equipment. The Imperial 
College of Tropical Agriculture fonns the subject of the next artic le 
from the pen of Sir Francis Watts, while of special interest to Imlia 
is an excellent description of the working and programme of ihe 
Indian Central Cotton Committee by its energetic Secreta y. 
Mr. Cecil Wood, who is doing important work for the Corporation in 
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Tang<i‘'y*l^^! follows with an interesting paper on the prospects 
of cotton growing in this former German possession. There are two 
papers of purely scientific interest by L. H. Burd, one of which 
deals with the botanical work of the late William Robson, while the 
other records a sterile dwarf rogue in the Sea Island cotton. Cotton 
growing statistics are in the safe hands of Prof. John Todd. The 
issue winds up with “ notes on current literature,” which although 
not pretending to cover the whole ground of cotton literature, are 
by no means the least important feature of the Journal. 

We commend this periodical to the notice of all interested 
in the development of cotton. [Editor.] 



dfomsjjondeiice 


NATURAL CROSS-POLLINATION IN INDIAN 
LINSEED. 

To The Editor of the Agricultural Journal of India. 

Sir,-- O ui attention has been drav\ii to a paper entitled 
Linseed {Linum usitatissmum) hybrids ” in the previous number 
of the Agricultural Journal of India (XIX, 1924, pp. 28-31) by 
Dr. R. J. D. Graham and Mr. S. C. Roy, in which it is stated that 
the occurrence of natural cross -pollinaticm of linseed has not jrrerioushj 
been noted in India. This statement is not correct. In October 
1910 we published a paper — The economic significance of natural 
cross-fertilization in India—in the Memoirs of the Bejiartment oj 
Agriculture in India [Botanical Series)^ III, 1910, pp. 281-330, in 
which the occurrence of natural cross-pollination in single plant 
cultures of linseed in India was for the first time recorded. This 
is referred to in the Randbuch der landuirtschaflichen PJlaimi’ 
zUchiung, Vol. Ill, 1922, p. 49. In December 1919, we published 
a further paper—Studies in tlie pollination of Indian crops I — in the 
Memoirs of the Departrnent of Agriculture in India {Botanical Smesl 
X, 1919, pp. 195-220, in which the results of oui studies on the 
flowering and pollination (including the occurrence of natural < ross- 
pollination) of Indian linseed are set out in great detail together 
with the necessary illustrations. Between 1916 and 1918 no less 
than 21 cases of natural cross-pollination between tlie unit species 
of Indian linseed w^ere observed and investigated. These various 
publications appear to have escaped the notice of Messrs. Graham 
and Roy. 

1 Yours faithfully, 

* [ Albert Howard. 

9 th January, 1924. J Gabbielle L. C. Howard. 

( 222 ) 



NEW BOOKS 


ON AGRICULTURE AND ALLIED SUBJECTS 


1 . Farm soil and its improvement, by Sir John Russell. Fp. 126 
+37 plates. (London: Ernest Benn, Ltd.) Price, 7s. ed. 
net. 

± rhe Micro*organisins of the Soil, by Sir John Russell and 
Members of the Biological Staff of the Rothanisted Experi- 
mental Station. Pp. vii+188. (London : Longmans, Green 
& Co.) Price, Is. 6d. net. 

3. The Foundations of Indian Agriculture, by H. Martin Leake, 

M.A., Sc.D. Second Edition. (Cambridge: W. Heffer and 
Sons.) Price, Is. 6d. net. 

4. Diseases of Crop Plants in the Lesser Antilles, b}' W, Nowell, 

D.l.C. Pp. 382+150 figs. (London : West India Com- 
mittee.) Price, 125. 6J. net. 

5. Successful Spaying, and how to acliievc it, by P. J. Fryer. 

Pp. 154. (London : Ernest Benn, Ltd.) Price, 75 . 6rf. net. 
C. Agricultural Implements, by G. H. Purvis. Pp. jv+no. 

(London : Ernest Benn, Ltd.) Price, 25 . Gd. net. 
o Vegetable Crops, by Homer C. Thompson, B.Sc. Pp. ix+478. 
(London : McGraw-Hill Publishing Co.) Price, 225 . Gd. net. 
The Principles of Insect Control, by Robert A. Wardle and 
Philip Buckle. Pp. xvi+295. (London : Longmans, Green 
& Co.) Price, 205. net. 

1'he following publications liave been issued by the Imperial 
department of Agriculture in India since our last issue: — 

Memoir. 

1* Studies in Indian Oil Seeds, No. 2. Linseed, by GabrieJle 
L. C. Howard, M. A. ; and Abdur Rahman Khan. 
(Botanical Series, VoJ. XII, No. 4.) Price, R. 1-4 or 2^, 
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Bulletins, 

2. Bee-keepiug, by C. C. Ghosh, B.A. (Pusa Bulletin 46 ; Second 

Edition.) Price, Ks. 2. 

3. The Prevention of Nuisances Caused by the Parboiling of 

Paddy, by J. Charlton, M.Sc., A.I.C. (Pus<i Bulletin 146.) 
Price, As. 5. 

4. List of Publications on Indian Entomology, 1922 (compiled by 

the Imperial Entomologist). (Pusa Bulletin 147.) Price, 
As. 7. 

5. The Relative Responsibility of Physical Heat and Micro- 

organisms for the Hot Weather Rotting of Potatoes in 
Western India, by S. L. Ajrekar, B.A., and J. D. Raiuuiive, 
B.Ag. (Pusa Bulletin 148.) Price, As. 5. 

6. A Study of the Factors Operative in tlie Value of Green Manure, 

by P. E. Lander, M.A., D.Sc., A.I.C. , I.A.S. ; B. H. Wilsdon, 
M.A., I.E.S. ; and M. Mukund Lai, L.Ag. (Pusa Bulletin 
149.) Price, As. 5. 


Reports, 

7. Review of Agricultural Operations in India, 1922-23, Price, 

R. MO. 

8. Proceedings of the Second Meeting of Veterinary Officers in 

India held at Calcutta from 26th February to 2nd Man lt. 
1923 (wth appendices). Price, R. 1-12. 




